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PREFACE. 

( 

^ The transmission of power by com- 

pressed air has, in this coimtry, been 
chiefly confined to tunneUing and min- 
ing operations; and while some of the 
plants for the generation of compressed 
air are large, no single plant is of such 
^ capacity as that in the Central Station of 

> the Paris Compressed Air Co., where 

there may now be 10,000 horse-power 
generating compressed air. 

A plant is to be erected at Niagara, 
N. Y., by the Niagara Power Co. There 
will be a central station for the genera- 
tion of 5,000 h.p. by compressed air, and 
another for the generation of 5,000 h.p. 
by electricity, with the possible extension 
of either one of these to the amount of 
100,000 horse-power. This power will be 
distributed, as wanted, to the factories 
on the lands of the company; then to 
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an area within a two-mile radius. The 
radius will be increased gradually, until 
an area within a twenty-mile radius is 
covered. The deductions in Prof. Unwinds 
paper prove that power can be trans- 
mitted this distance without excessive 
loss of pressure, for he computes that 
air compressed to an initial pressure of 
132 pounds per square inch can be car- 
ried a distance of 20 miles in a 30-inch 
main with a loss of pressure of only 
12 per cent, and that from 40 to 50 per 
cent of the compressing power can be 
recovered in the motors if the air is 
used cold, and from 59 to 73 per cent if 
the air is reheated. 

The following papers give the data of 
and deductions from experiments made 
by eminent authorities on the Paris 
system, and are presented to the reader 
in extenso. 

F. E. I. 




EXPERIMENTS UPON THE TRANS- 
MISSION OF POWER BY COM- 
PRESSED AIR IN PARIS (POPP'S 
SYSTEM). 

Bt Prof. Alexander B. W. Kenkbdt, 
F.R.S., M. Inbt. C. E. 

The subject of transmission of power to 
a distance is one of such immense im- 
portance in an industrial country like 
our own, that I am sure I need offer no 
apology for bringing this paper before 
you. In a case such as that which I have 
to describe, where the distance to which 
the power is to be transmitted is great 
enough to be measured in miles, the pos- 
sible methods of transmission are not very 
, numerous. Steam, water, air, and elec- 
tricity seem to be the only four agents 
practically available. All four have been 
used to a greater or less extent, and 
with more or less complete success. In 
our own country the distribution and 

use of high-pressure water has been car- 
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ried out with the greatest engineering 
skill and with correspondingly great 
success by the Hydraulic Power Com- 
pany in London, and also in Hull. 
Electric transmission (for traction at 
least) has been at work on a small scale 
for some time in various places, and is 
about to be tried on a much larger scale 
on the Southwark Subway. In America 
it has been very widely used for traction 
on tramways, and on the Continent it 
has also been used to a certain extent 
for power transmission for general pur- 
poses. Steam has been used on a large 
scale in New York, but as yet its success 
does not seem to be unquestionable. 
Compressed air has, of course, been used 
over and over again in rough and un- 
economical fashion, in connection with 
tunnelling and boring work, but I think 
only two practical attempts have been 
made to utilize it economically and on 
a large scale for industrial purposes. 
Of these two, one has been made in 
Birmingham and the other in Paris. 
The Birmingham Compressed Air Power 




Company has established works on a 
very large scale, but various causes have 
unfortunately combined to cause delay 
in the commencement of its operations, 
which indeed are hardly yet fairly 
started. In Paris, however, the trans- 
mission of power by compressed air has 
been in operation on a somewhat large 
scale and with very great mechanical 
success for a few years past. I have 
recently had occasion to spend some 
weeks in making experiments in connec- 
tion with the Paris compressed-air plant, 
and have been given the fullest per- 
mission to publish the results of my 
experiments. To avoid any misunder- 
standing, I must premise that it is not 
my intention to institute any comparison 
between the different methods of power- 
transmission which I have mentioned. 
Such a comparison, to be of any value, 
would require for itself a paper at least 
as long as the one which I have to put 
before you, and is, therefore, in the 
nature of things impossible here. On 
this matter I wish to say only one thing, 
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in view of a recent discussion on the 
Hydraulic Power Company's work in 
London, in which some comparisons 
were made between power transmission 
by air and by water. So far as I see, the 
two systems at present practically occupy 
different fields, and overlap but little. 
The work that each appears to do best 
is exactly that for which the other is 
least fitted. I see as little chance for 
air, just now, taking the place of water 
for lifts or cranes, as I do for water 
coming into common use in the driving 
of motors. I think it would be a pity 
if there were to be any impression that 
two systems were antagonistic which, in 
point of fact, rather supplement each 
other. Having said this much, I will 
limit myself to a description of the 
plant and methods used in Paris, and to a 
statement of the actual results obtained 
there, as determined by my own experi- 
ments on the spot. The plant and 
methods are by no means absolutely 
perfect; they are not only susceptible 
of, but are now receiving, considerable 
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improvements in detail in the extensions 
which are being carried out. In what I 
have to say, however, I shall confine 
myself entirely to results actually ob- 
tained with the present plant, as it was 
working when I tested it two months 
ago, not giving it credit for the result of 
any of the improvements which have not 
yet been introduced throughout into the 
system of working. I shall only, after 
having given this statement of facts, 
state briefly my views as to the probable 
practical value of improvements which 
may be, or are being, carried out. 

The work now carried on by the Paris 
Compressed Air Company has developed 
from very small beginnings, at first 
slowly, lately very fast. It originated 
in a pneumatic clock system, which was 
started about 1870 with a small "central 
station'' in the Rue St. Anne, in the 
centre of Paris. This business grew 
gradually until it became far too large 
to be carried on from such a position, 
and a few years since a central station, 
with much enlarged machinery, was 
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established in the Rue St. Fargeau, 
which is in Belleville, about 4^ miles 
east of the Madeleine. There are now 
about 8,000 pneumatic clocks, public 
and private, in Paris, driven from St. 
Fargeau, and regulated by a standard 
clock in the Rue St. Anne; but as this 
part of the work, although it originaUy 
formed the basis of the whole system, is 
now a comparatively very small part of 
it, and is of an entirely special nature, I 
do not propose to say anything further 
about it here. Until about two years 
since, a pair of single-cylinder horizontal 
engines by Farcot, and a beam engine 
by Casse, sufficed for the whole work; 
but by that time the demand for com- 
pressed air for working motors had so 
increased that extension had become 
imperative, and the present working 
plant of six compound condensing en- 
gines, each working two air-compressors, 
with the necessary complement of boilers, 
was put down. This plant, except the 
compressors, was supplied from England 
by Messrs. Davey, Paxman & Co. of 




13 



Colchester. The compressors for the 
EngUsh engines were made m Switzer- 
land on the Blanchod system. The 
demand for power is at present so great 
that, at certain hom« of the day, practi- 
cally the whole plant, old and new, 
indicating considerably over 2,000 horse- 
power, is fully at work, and in conse- 
quence a duplicate main is being laid 
throughout, and new engines and com- 
pressors, half of them constructed by 
Davey, Paxman & Co., and half by John 
Cockerill & Co. of Seraing, are being 
pushed forward as rapidly as possible. 

The general system of working is as 
follows: Fig. 1. The steam-cylinders (I) 
compress the air to a pressure of five 
atmospheres (six atmospheres absolute) 
or thereabouts in the compressor-cylin- 
ders (II). The air is drawn in direct from 
the engine-house, where I found it to be 
about 70 deg. Fahr., and after it has 
finally passed along the mains for some 
little distance it is again about the same 
temperature. It is therefore of the great- 
est importance to prevent its temperature 
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rising during the compression, as all heat s6 
taken up by the air represents work done 
in the steam-cylinders of which no part 
whatever can be utilized. If the ait 
were compressed adiabatically, i.e., with-^- 
out any cooling whatever, its tempera- 
ture on leaving the compressor would 
be about 430 deg. Fahr., a temperature 

\ Fig* 




higher than that of saturated steam of 
300 lbs. pressure per square inch. At St. 
Fargeau water for cooling is allowed to 
run into the cylinders through the suc- 
tion-valve during the suction stroke, in 
such quantity that the final temperature 
is only 150 deg. Fahr. So far the result 
is satisfactory enough, but owing, un- 
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fortunately, to the particular way in 
which the cooling water is utilized 
mechanically, the air does not get cooled 
until after it has been compresssed, so 
that practically no benefit is obtained 
from the cooling in spite of the extent 
to which it occurs. The power expended, 
as we shall see presently, is practically 
equal to what would have been expended 
had the compression been adiabatic. 
The quantity of air dealt with at each 
revolution is 47.6 cubic feet (for the pair 
of double-acting compressing cylinders), 
which is equivalent to 3.55 lbs., the quan- 
tity of water used being about 2.4 lbs. 

After compression, the air, now having 
an absolute pressure of six atmospheres 
and a temperature of 150 deg. Fahr., is 
pushed into large boiler-plate receivers 
(III) of which some are arranged to act 
as separators, and in these a large por- 
tion of the cooling water, which has 
been carried along mechanically by the 
air, is deposited and removed, before the 
air enters the mains (IV). The principal 
main is 300 mm. (11.8 in.) in diameter 
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and about f in. thick. It is of caist-iron, 
made in lengths perfectly plain at each 
end, and connected by a very simple 
external jomt made air-tight by india- 
rubber packing-rings. This joint leaves 
the pipe quite free endwise, and also 
allows all necessary sideway freedom, so 
that accidental distortion to a quite 
measurable extent is entirely without 
effect on the tightness of the joint. 
The mains are partly laid under road- 
ways and footways, and partly slung from 
the roof of the sewer subways. They 
are suppUed at intervals with automatic 
float traps for carrying off the entrained 
water and the water of saturation, as 
they deposit. 

On entering a building on its way to 
a motor, the air is first passed through a 
meter (V) exactly as gas would be. The 
quantity passing is of course too great 
to allow anything like an ordinary gas- 
meter to be used; indeed, only inferen- 
tial meters seem to have been at all suc- 
cessful. The meter actually in use in 
Paris is a small double cylindrical box. 
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The air passes by a branch through to 
the bottom of the inner box, up through 
it, down outside it between the two 
boxes, and away through a branch at 
the bottom opposite the inlet branch 
The whole measuring apparatus is a 
little four- or six-armed fan, with alu- 
minium or nickel vanes, placed near the 
bottom of the inner casing and com- 
municating motion by a Ught vertical 
steel spindle to a clock-work register, 
like that of a gas-meter, placed on the 
top. The quantity recorded is simply 
the number of revolutions made by the 
fan, or some proportional number, and 
this is turned into cubic metres by mul- 
tiplication by an arbitrary constant, 
determined by direct experiment. As 
to the working of this meter I shall have 
something to say later on; it is the only 
type used by the Paris company, and 
serves in a very large number of cases as 
basis of payment. 

After passing the meter the air is car- 
ried through a reducing- valve (VI) by 
which the initial pressure in the motor 
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is prevented from rising above a certain 
limit, which in practice appears to vary 
between 3^ and 5^ atmospheres absolute, 
according to the size of the motor in 
proportion to its work. 

Between the reducing-valve (VI) and 
the motor (VIII) there is placed in all 
ordinary cases a small stove or heater 
(VII). This heater is simply a double 
cylindrical box of cast-iron, having an 
air-space between its outer and its inner 
walls. The air under pressure traverses 
this space, and is compelled, by suit- 
ably arranged baffle-plates, to circulate 
through it in such a fashion so as to come 
into contact with its whole surface. A 
coke fire is lighted in the interior of the 
stove, and the products of combustion 
are carried over the top of it, and made 
to pass downwards over its exterior sur- 
face, inside a sheet-iron casing, on their 
way to the chimney-flue. The heater 
for the motor on which I experimented 
(which indicated 10 to 12 horse-power) 
was about 21 in. in diameter and 2 ft. 
9 in. high over all. The use of the 
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heater, and the extent to which that 
use is advantageous and economical, are 
matters on which I shall touch later. 

The motors used in Paris are mainly 
of two types. Up to one horse-power 
or thereabouts small rotary engines, of 
a form patented by M. Popp, are used; 
into the details of these it is not neces- 
sary to enter here. They start very 
readily, are easily governed, are pro- 
vided with capital automatic lubrica- 
tors worked by compressed air, run at 
a very high speed, and are altogether 
very convenient. They use the air with 
little or no expansion, without previous 
heating, and have, of course, no pretence 
to economy in use of air. 

The larger sized motors, up to double- 
cylinder engines 12 in. by 14 in., which 
is the largest size used, are simply 
ordinary Davey-Paxman steam-engines, 
employed for air absolutely without any 
alteration or modification. These en- 
gines have, in most cases, automatic 
cut-off gear controlled by the governor, 
and can. therefore easily work with the 
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largest economical ratio of expansion for 
the not very high available initial press- 
ure. I believe that in every case 
heaters are provided for these engines, 
although in some instances, where both 
power and refrigeration are required, 
they are used sparingly or not at all, in 
order to take advantage of the cooling 
due to expansion. 

After this short description of the 
general arrangements of the Paris com- 
pany's work I come now to the experi- 
ments which I made to ascertain its 
efficiency. Starting from the main 
engines at the central station, the par- 
ticular matter which I had to determine 
was the indicated horse-power which 
would be shown by a small motor three 
or four miles from St. Fargeau for each 
indicated horse-power expended by the 
main engines on the air which passed 
through ^that motor. The ratio thus 
obtained would be the total indicated 
efficiency of the whole system of trans- 
mission. This ratio is in reality the 
product of a number of separate^ efficien- 
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cies, and the separate determination of 
these formed a necessary check on the 
value of the total efficiency. These 
separate efficiencies may be summaiised 
as follows : 

1. Mechanical efficiency of main en- 
gines, or ratio of work done in com- 
pressors to indicated work in steam- 
cylinders. 

2. Efficiency of compressors, or ratio 
of maximimi work which could be done 
in a motor by each cubic foot of com- 
pressed air at 70 deg. Fahr., to the work 
actually done in compressing that air. 

3. Efficiency of mains, or ratio in 
which the capacity of the compressed 
air for doing work is reduced by friction 
and leakage. 

4. Efficiency of reducing-valves, or 
ratio in which the capacity of the com- 
pressed air for doing work is reduced by 
the lowering of its initial pressure at the 
motor. 

5. Indicated efficiency of motor, or 
ratio in which the actual indicated work 
done falls short of the maximum work 
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which the quantity of air measured 
through the meter could do after passing 
the reducing-valve. 

The product of these five efficiencies 
is the total efficiency of transmission 
without the use of a heater. When a 
heater is used the matter is somewhat 
more compHcated. All the ratios given 
above represent what may be called 
mechanical efficiencies, all of them have 
unity for their maximum attainable 
value. It is, therefore, not possible to 
introduce in direct combination with 
them a thermodynamic efficiency (ratio 
of additional heat supplied to additional 
work done), which has for its maximimi 
value not imity, but 0.3 or some similar 
small value. This could only be done 
if the measurement of efficiency had 
started originally from the heat given to 
the steam instead of from the indicated 
horse-power, and this would have given 
numbers having a minimum of practi- 
cal value or convenience. Probably the 
best practical measure of the efficiency 
of the whole transmission, when using 
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heated air, is obtained by finding the 
equivalent in indicated hofse-power at 
the central station of the coke used in 
the heater, and adding this to the indi- 
cated horse-power actually used It 
would not be possible, by the expendi- 
ture of this or any other amount of 
indicated horse-power at th^ central sta- 
tion, to obtain the same results as by 
heating the air just before entering the 
motor, but that, of coiu^e, does not 
affect the question before us. 

The determination of the indicated 
horse-power of the main engines pre- 
sented no difficulty. I measured it on 
one pair of engines at different speeds 
from 21 to 44 revolutions per minute. 
At 31.5 revolutions per minute it 
amounted to 254.9, and at all speeds it 
was approximately 8.1 indicated horse- 
power per minute per revolution. The 
mechanical efficiency was sensibly the 
same at all speeds, viz., 84.5 per cent, as 
given in the table. There was no 
method available for ascertaining to 
what extent the real quantity of air 
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delivered corresponded to the nominal 
volume swept through by the com- 
pressor-pistons. The indicator-diagrams, 
Fig. 2, show no signs of leakage past the 
valve, but there are no doubt various 
possible leakliges which would not show 
on the diagrams. In the absence of any 
direct means of determination, however, 
I have assumed that the compressor- 
cylinders delivered their full volume, 
which corresponds to 348 cubic feet * of 
air per indicated horse-power per hour. 
This air has a weight of about 25 lbs. 
It may be pointed out that the water 
injected practically fills up the clearance- 
space at the end of each stroke. 

I have already pointed out that at 
whatever temperature the air is deliv- 
ered, it must fall to about its original 
temperature in the long length of mains 
before it reaches the motors. It is, 
therefore, a simple matter to find the 



* Here and elsewhere, unless specially mentioned, 
volumes are supposed to be at atmospheric pressure 
and at 70 deg. Fahr., the actual admission temperature 
during my experiments. 
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maximum amount of work which can be 
done by the air delivered per indicated 
horse-power, for it simply amounts to 
the PV of the ' air at six atmospheres 
absolute and at 70 deg Fahr., plus the 
work it can do in expanding adiabatic^ 
ally to a pressure of one atmosphere, and 
minus the work necessary to expel it 
from the cyUnder at that pressure and 
at the corresponding temperature.* In 
the present case I find that this work is 
equivalent to 0.52 indicated horse-power 
for an hour, so that the efficiency of the 
compressors is 61 per cent It will be 
seen from the diagrams that the com- 
pression curve falls only a little below 
the adiabatic, and as the area of the dia- 
gram is increased somewhat by the re- 
sistance of the discharge-valve, the work 
done is practically the same as if the 
compression had been adiabatic , and 

* In symbols, if suffixes 1 and 2 be used for the initial 
and final conditions of the air. if pressures be meas- 
ured in pounds per square foot and volumes in cubic 
feet, the maximum work possible, without addition of 
heat, is 

(PiVi - P2V2) -^ = 3.45( PiVi - P2V2). 
y-1 




v^ 
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there had been no cooling at all. This 
matter I have already referred to. 

Fig. 3 shows graphically the relation 
between the quantities so far measured. 
If the area ABODE represents on any 
scale the work done in the steam-cylinder, 
the area ABCF represents on the same 
scale the work done on the air in the com- 
pressors. CB is an adiabatic curve, CG 
an hyperbola, so that AG represents the 
volimie of the compressed air when it 
has fallen in the mains to the tempera- 
ture which it had initially at C. GH 
being again an adiabati9 curve, the area 
AGHF (which is 61 per cent of ABCF, 
and 52 per cent of ABODE) represents 
the maximum work which can be ob- 
tained from the air in a motor, the quan- 
tity calculated in the last paragraph. 

If it be assumed that the temperature 
in the mains is constant, then any loss of 
pressure, due to friction^ must be ac- 
companied by an exactly equivalent in- 
crease of volume. Thus if (Fig. 3) the 
pressure falls from A to K, the volume 
increases from AG to KL, the point L 
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lying on an isothermal through G. The 
loss of possible work due to such a reduc- 
tion of pressure is represented by the 
difference between the areas AGHF and 
KLMF, in both of which the expansion 
curves are adiabatic. The change of 
temperature in passing through a reduc- 
ing-valve is so small that it may be as- 
sumed without sensible error that the 
loss due to such a process may be calcu- 
lated in the same fashion. 

I determined the loss of head in the 
mains by a series of observations made 
simultaneously at known points in Paris 
and at St. Fargeau. The pressure-gauges 
used having been carefully compared, 
and all the necessary corrections made, 
I found the loss of pressure to vary from 
0.35 to 0.25 atmosphere, according to 
the distance from St. Fargeau and the 
amount of air passing through the pipes. 
The average loss may be taken as 0.3 of 
an atmosphere at three miles from St. 
Fargeau, when the indicated horse-power 
there was about 1,250 and the maximum 
velocity of the air in the mains about 
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1,550 feet per minute. What proportion 
of this loss of head may have been due 
to leakage, and what the amount of 
leakage (if any) may have been, I had no 
means of determining. The dupUcate 
main to which I have referred is not yet 
completed, and it was impossible to iso- 
late any portion of the mains, even tem- 
porarily, to test for leakage. From the 
figures I have given, as well as from the 
nature of the pipe-joint, I cannot doubt 
that the leakage must, under any circum- 
stances, have been extremely small. 

In the table I have given approximate 
values of the loss due to fall of pressure 
in the mains and through the reducing 
valve, with various values of the total 
reduction of pressure. With a total re- 
duction of half an atmosphere the com- 
bined efficiency of mains and valves is 
0.96, reducing the maximum possible 
work at the motor to 0.5 indicated horse- 
power per indicated horse-power at the 
central station. Under these conditions 
the minimum possible consumption of air 
per indicated horse-power at the motor 
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would be twice 348, or 696 cubic feet per 
hour. 

The motor on which I made most of 
my experiments was an ordinary horizon- 
tal Davey-Paxman engine, with a single 
cyUnder 8i inches in diameter and 12 
inches stroke, fitted with automatic cut- 
off gear. For convenience sake I tested 
it at St. Fargeau and not in Paris, but I 
used a pressure only of 4^ atmosphere?, 
which pressure I found to be exceeded on 
branch mains 3^ miles from St. Fargeau, 
where I made later experiments. The 
position of the motor did not, therefore, 
put it under any conditions different 
from those existing in the centre of 
Paris. I made a large number of experi- 
ments on this motor, imder various con- 
ditions, individual experiments lasting 
from four hours down to half an hour. 
I shall here give figures representing 
only the four most important of my ex- 
periments, two with cold and two with 
heated air, averaging the two experi- 
ments in each case, so as not to burden 
my paper with unnecessary figures. 
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The motor, when indicating 9.9 horse- 
power, and making about 125 revolutions 
per minute, used 890 cubic feet of air per 
indicated horse-power per hour. (Its in- 
dicator-diagrams are shown in Fig. 4, 
their area being represented by KNO 
in Fig. 3.) The work which this quantity 




of air, at the given pressure and temper- 
ature, is theoretically capable of doing 
behind a piston, expanding down to at- 
mospheric pressure, is equivalent to 1.27 
horse-power for an hour. The indicated 
efficiency of the motor (the ratio express- 
ing loss by rounding of curves, by in- 
sufficient expansion, by back pressure, 
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etc.) is therefore 0.79. This figure gives 
us a check on the ratios already worked 
out, for if they are right the air actually 

used should be —— i times as great as the 

696 cubic feet already allowed for. This 
would be 880 cubic feet, which represents 
of course a most satisfactory check. It 
will, however, be recognized that this 
agreement checks the figures only so far 
as they apply to air actually used, and 
would not be vitiated or in any way af- 
fected by losses by leakage. 

The vital measurement of all the ex- 
periments was, of course, that of the 
quantity of air used. The air was passed 
through one of the fan-meters already 
described, readings of which were taken 
every quarter of an hour. After the ex- 
periments were over air was passed 
through the same meter at exactly the 
same pressure, and in as nearly as poS" 
sible the same quantity, and then passed, 
at atmospheric pressure, through two 
large standard wet gas-meters. The 
readings of these were taken as correct, 
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and the multiplier for the fan-meter de- 
termined from them. I foimd from nu- 
merous experiments on several fan-meters 
that this multiplier varied both with 
pressure and with quantity, but that the 
latter variation was very small within the 
limits of my experiments. I have no 
doubt that the air quantities which I 
shall give you are correct within about 2 
per cent, plus or minus. 

It will be seen that the total indicated 
efficiency of transmissjpn, with cold air, 
is 0.39; in other words, that work requires 
to be done at the rate of 2.6 indicated 
horse-power at the central station per in- 
dicated horse-power at the motor. The 
motor was worked on a brake, and its 
mechanical efficiency was found to be 
0.67, so that in round numbers 4 indi- 
cated horse-power were required at St. 
Fargeau per brake horse-power at the 
motor. 

To examine the economv due to heat- 
ing the air before using it, I used the 
same motor, working as nearly as possible 
at the same power and speed, and with 
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exactly the same pressure, but passing 
the air between the meter and the engine 
through such a heating-stove as I have 
akeady described. I weighed all the 
coke used, and read the temperatures 
every five minutes during a four-houi^' 
trial. The air was heated in passing 
through the stove, up to 315 deg. Fahr., 
with a consumption of about 0.39 lb. 
coke per indicated horse-power per hour. 
As the admission temperature on the 
cold trials was 83 deg. Fahr.* only, this 
corresponds to an increase of about 42 
per cent in the volume of the air, and 
should therefore (had the indicated effi- 
ciency remained the same) have been ac- 
companied by a decrease of air consump- 
tion in the ratio -—r^ or 0.70. The air 

1.42 

actually used was 665 cubic feet per indi- 
cated horse-power per hour, which is 0.75 
of the 890 cubic feet formerly required, 

* This somewhat high admission temperature was 
the only point in which the motor at St. Fargeau dif- 
fered from those in Paris, where I found the admission 
temperature to be from 69 deg. to 71 deg. Fahr. 
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BO that the full economy is very nearly 
reaUzed. The indicator-diagrams are 
shown in Fig. 5, and are represented by 
KPQO in Fig. 3. An air consumption of 
665 cubic feet per indicated horse-power 
per hour corresponds to an indicated effi- 
ciency over the whole system of 0.52, in 




other words 1.92 indicated horse-power 
is required at St. Fargeau per indicated 
horse-power at the motor. The mechan- 
ical efficiency of the motor was very much 
greater hot than cold, rising to 0.81. 
Hence about 2J indicated horse-power at 
St. Fargeau gave one brake horse-power 
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Ht the motor. These figures, however, 
take no account of the coke burnt in the 
heater, and are, therefore, only to be con- 
sidered as apparent efficiencies. Allow- 
ing for the value of the coke in the man- 
ner already described, the real indicated 
efficiency of the whole transmission is 
0.47. 

A shorter experiment with slightly 
higher temperatures and considerably 
larger indicated horse-power, gave still 
more economical results, the air consump- 
tion falling to 623 cubic feet per indicated 
horse-power per hour, an "apparent" 
indicated efficiency of 0.56. This experi- 
ment was not, however, of sufficient du- 
ration to allow of coke measurement. 

As to the value of the preliminary 
heating, the figures which I have given 
show that it caused a saving of 225 cu- 
bic feet of air per indicated horse-power 
per hour, at a cost to the consumer of 
about 0.4 lb. of coke per indicated horse- 
power per hoiu*. I do not doubt that 
the stoking of the heater during my ex- 
periment was much more careful than it 
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would be in ordinary practice, although, 
on the other hand, it would not be diffi- 
cult to design a- more economical stove. 
If, however, the coke consumption were 
even doubled, it would only amount to 
72 lbs. per day of nine hours for 10 indi- 
cated horse-power, the value of which 
might be 6d. or 7d. The air saved un- 
der the same circiunstances would be 
over 20,000 cubic feet, the cost of which, 
at the high rate charged in Paris, would 
be 7s. 3d. There is no doubt therefore 
that to attain the maximum of economy 
the preliminary heating of the air should 
be carried as far as is practicable. 

Of course heating the air serves the 
purpose also of preventing any chance of 
the exhaust-pipe becoming ice-clogged. 
I found this to happen once or twice 
when working with cold air, its occurrence 
depending rather on the amount of 
moisture in the air than on the exhaust 
temperature, for the engine, after run- 
ning freely with an exhaust of — 35 deg, 
Fahr., choked later on at -}-2 deg. Fahr. 
I do not think that in any case which I 
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met with there would have beea any 
trouble from choking had the exhaust- 
pipes been properly arranged. As it 
was, they were merely the ordinary ver- 
tical exhaust-pipes of a steam-engine, 
quite suitable for their original and for 
their intended purpose, but singularly 
unfitted for the purpose to which I was 
putting them. 

Svunmarizing now the whole matter os 
regards efficiency, it may be said that the 
result of my detailed investigations is to 
show that the compressed-air transmis- 
sion system in Paris is now being carried 
on on a large commercial scale in such a 
fashion that a small motor four miles 
away from the central station can indi- 
cate in round numbers 10 horse-power 
for 20 indicated horse-power at the sta- 
tion itself, allowing for the value of the 
coke used in heating the air, or for 25 in- 
dicated horse-power if the air be not 
heated at all. Larger motors than the 
one I tested (and there are a number of 
such in Paris) may work somewhat more., 
And smaller motors somewhat less, eco- 
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nomically. The small rotary motors 
would, of course, be much less econom- 
ical. The figures which I have given 
are, however, such as can be reached by 
any motor of between 5 and 25 indicated 
horse-power if worked at a fair power for 
its size. M. Victor Popp himself, and 
the engineers of the company, by no 
means content with the results already 
obtained, are experimenting in various 
directions with a view to greater economy, 
and I have not the least doubt that they 
will attain their end. But although I 
made several experiments on new appa- 
ratus, I prefer to leave their results here 
undiscussed, confining myself as strictly 
as possible to the work which has been 
already carried out and the economy of 
actual present working, rather than giv- 
ing any credit for the result of improve- 
ments which, however certain they may 
be thought, are. not yet actually carried 
out in practical work. 

A system of transmission which has 
actually been carried out on a large com* 
mercial scale in such a way as to have an 



41 



indicated efficiency of 50 per cent be- 
tween prime mover and secondary motor, 
four or five miles apart, is one which 
needs no adventitious aids to commend 
it to notice, especially where its uses are 
so nimierous and so varied, and its con- 
venience so extremely great, as are those 
of compressed air. Both M. Victor 
Popp, who has organized and carried 
through the work of the Paris company, 
and Mr. James Paxman, who has designed 
and made the greater part of the machin- 
ery used, are to be heartily congratulated 
on the results which have attended their 
work. 

While, however, I am unwilUng to lay 
stress on possibilities which are not yet 
actualities, there can be no harm in say- 
ing that I have no doubt whatever that 
with mere improvement of existing meth- 
ods and appUances, and without the 
adoption of any new or untried methods 
whatever, the new plant of the Paris 
company now being constructed can be 
made to have an indicated efficiency of 
67 per cent instead of 50 per cent, and 
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to give about 0.54 effective horse-power 
at the motor for each indicated horse- 
power at the central station, in the case 
of such a motor as that on which I ex- 
perimented. Under these circumstances 
the air used per indicated horse-power at 
the motor would be 520 cubic feet, or 
650 cubic feet per brake horse-power. I 
have the less hesitation in giving these 
hypothetical figures because the more im- 
portant imperfections of M. Popp's trans- 
mission system arise from such a very 
obvious cause. Nothing, indeed, can be 
easier than to point out various weak 
points in the arrangements adopted, and 
yet, in spite of all such somewhat cheap 
criticism, the fact remains that no one 
has yet carried out a compressed-air 
transmission with anything approaching 
to the same success on anything like the 
same scale. The fact is that the success 
of the system has been essentially due 
rather to the practical good sense with 
which the work has been carried through 
than to any special novelty in the meth- 
ods employed. The air-compressing ar- 
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rangements at St. Fargeau are in no re- 
spect novel or specially perfect; they had 
been used over and over again before; 
there is no special advantage in M. Popp's 
rotary motor that may not probably be 
possessed by many other rotary motors; 
the larger motors are simply good ordi- 
nary steam-engines, such as can be bought 
any day in open market, used without 
the slightest alteration. Of the fan-meter 
it can only be said that it works well 
enough to allow progress to be made 
while it is beiig improved, and even of 
the coke stove one would not like to say 
very much more. The plan of heating 
compressed air before using it in a motor 
was first proposed many years ago. The 
great success which has attended the 
work in Paris has been attained because 
its directors have wisely chosen rather to 
set to work with imperfect apparatus, if 
only it were simple, fairly effective, and 
ready to band, than to wait for the pos- 
sible invention of novelties and improve- 
ments, or to risk the success of their 
start by the use of any unknown or un- 
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tried apparatus, however promising its 
nature. They have had, moreover, the 
great advantage hitherto of being always 
asked for more air than they could sup- 
ply, so that their works have grown and 
increased simply to meet a growing and 
increasing demand, and (fortunately per- 
haps) the urgency of the demand has left 
them no alternative but to meet it by the 
very simplest possible means. 

I have already mentioned the great 
convenience and handiness which a com- 
pressed-air motor possesses. From the 
engineer's point of view these qualities 
are most striking! The engine starts, 
for instance, without the least hesitation 
even with full brake load on, directly the 
valve is opened, if the crank is just past 
the centre. This, of course, is impossible 
with a gas-engine, and hardly less impos- 
sible with any ordinary (single-cylinder) 
steam-engine. The absence of the heat 
and leakage, and of the noise and smell, 
which so often in greater or less degree 
accompany the smaller steam or gas mo- 
tors, constitute a very much larger dif- 
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ference than could at first be thought 
possible. But from the consumer's point 
of view the advantages are even greater 
than from the engineer's. There is, 
first of all, the complete absence of dan- 
ger and of nuisance of every kind. There 
is then the great saving of space, even as 
compared with a gas-engine, and much 
more as compared with a steam-engine 
and boiler. There is reduction of insur- 
ance on account of the entire absence of 
fire risk. Not only this, but the air mo- 
tor seems to me completely to supply that 
most important industrial want, a motor 
suitable for "small industries," that is, 
for work carried on in workmen^s own 
houses, or in very small workshops. For 
here it is not only mechanically most 
suitable, but in the nature of things it 
can be made to cool or ventilate, by its 
exhaust, to any desired extent. The 
sanitary advantage of this, in cases where 
work is carried on in confined spaces, 
can hardly be exaggerated. Even in a 
very large printing-office in Paris I found 
an almost unbearable atmosphere made 
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quite pleasant as long as the motor was 
working, by allowing a portion of the ex- 
haust to come into the room. 

By using air direct from the mains in 
the motor, or by heating it only very 
shghtly, the exhaust air can be, of course, 
so greatly reduced in temperature as to 
be available for freezing purposes. In 
one Paris restaurant, for instance, which 
I visited, I found that the exhaust was 

carried through a brick flue into the beer 
cellar. In this flue the carafes were set 

to freeze, and large moulds of block ice 
were also being made for table use, while 
the air was still cold enough in passing 
away through the beer cellar to render 
the use of ice for cooling quite unneces- 
sary, even in the hottest weather. The 
nominal function of the engine in this 
case was the charging of batteries used in 
the electric Ughting of the restaurant. 
The conjoint use of power and cold is 
common in Paris, the power being in this 
case generally appUed in electric-light- 
ing. While in any large city such as 
Paris, it is no doubt a great point that 
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by a compressed-air system the handiest 
possible cooling appliances can be brought 
everywhere within reach^ in tropical 
climates this is something rather of ne- 
cessity than of luxury. In such cases we 
might have the apparent paradox of a 
motor worked essentially for its exhaust: 
the work done would be a bye-product; 
the cold air would be the principal thing. 
In such a case, if there were no useful 
work to be done, the motor could even 
be made (as has been suggested to me) 
to pump air back into the main, and thus 
virtually to about halve its air consump- 
tion. This possibility of "laying on" 
cold air in hot climates is, of course, a 
most important matter in connection 
with the future of compressed air. 
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Table. 

Summary of Efficiencies of Compressed" 
air Transmission at Paris, 1889, be- 
tween the Central Station at St, Far- 
geau and a 10 Horse-power Motor 
working with Pressure reduced to 4^ 
Atmospheres, 

(The figuree below correspond to mean results of two 
experiments cold and two heated.) 

1 indicated horse-power at Central Efficiency of main 
Station gives 0.845 indicated engines 0.845. 
horse-power in compressors, and 
corresponds to the compression 
of 348 cubic feet of air per hour 
from atmospheric pressure to 
6 atmospheres absolute. (The 
weight of this air is about 25 lbs.) 

0.845 indicated horse-power in 
compressors delivers as much 
air as will do 0.52 indicated 
horse-power in adiabatic expan- 
sion after it has fallen in temper- 
ature to the normal temperature 
of the mains. 

The fall of pressure in mains be- 
tween Central Station and Paris 
(say 3 miles) reduces the possi- 
bility of work from 0.52 to 0.51 
indicated horse-oower. 

The further fall of pressure through Efficiency of re- 
the reducing valve to 4^ atmos- d u c i n g valve 
pheres (5^^ atmospheres abso- 0.50 
lute) reduces the possibility 
work from 0.51 to 0.50. 



Efficiency of com- 

0.52 
pressors 



0.845 



0.61. 



Efficiency of trans- 
mission through 
0.51 



mains 



0.98. 



0.52 



of 



0.51 



= 0.98. 
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The combined efficiency of the mains and 
reducing valve, between 5 and 4i atmos- 
pheres, is thus 0.98X0.98-0.96. If the 
reduction liad been to 4, 3^^, or 3 atmos- 
pheres the corresponding efficiencies 
would have been 0.93, 0.89, and 0.85 re- 
si>ectively. 
Incomplete expansion, wire-draw* Indicated efficien- 
ing, and other such causes re- . 0.39 

duce the actual indicated horse- 0.50 

power of the motor from 0.50 to —0.78. 
0.39. Indicated efficien- 

cy of whole pro- 
cess with cold 
air 0.39. 
By heating the air before it enters Apparent indioat- 



-1.38. 



the motor to about 320 deg. Fahr., 
the actual indicated horse-power 
at the motor is, however, in- 
creased to 0.54. The ratio of gain 
by heating the air is, therefore, 
0.54 
0.39' 

In this process additional heat is 
supplied by the combustion of 
about 0.39 lb. coke per indicated 
horse-power per hour, and if this 
be taken into account the real 
indicated efficiency of the whole 
process becomes 0.47 instead of 
0.54. 

Working with cold air the work 
spent in driving the motor itself 
reduces the available horse- 
power from 0.39 to 0.26. 

Working with heated air the work 
spent in driving the motor itself 
reduces the available horse- 
power from 0.54 to 0.44. 



ed efficiency of 
whole- process 
with heated air, 
0.54. 



Rtol indicated effi- 
ciency of whole 
process with 
heated air, 0.47. 



Mechanical effi- 
ciency of motor, 
cold, 0.67. 

Mechanical effi- 
ciency of motor, 
hot, 0.81. 
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Most of the compressed air in Paris is 
used for driving motors, but the work 
done by these is of the most varied kind. 
A list which I have gives the locaUty, 
use, and power of 225 installations, neariy 
all motors working at from i horae-power 
to 50 horse-power, all driven from St. 
Fargeau, and the great majority of them 
more than two miles away from it. In a 
number of cases the motor drives dynamo 
machines for electric lighting. In the 
offices of the Figaro and Petit Journal 
large motors are also used for printing, 
and there are many small printing estab- 
lishments also worked by compressed air. 
Among the smaller industrial purposes 
for which the air motors are used in Pa- 
ris, I find the driving of lathes for metal 
and wood, of circular saws, shearing- 
machines, drills, polishing-machines, and 
many others. They are used also in the 
workshops of carpenters^ joiners and 
cabinet-makers, of smiths, of umbrella- 
makers, of collar-makers, of bookbinders, 
and naturally in a great many places 
where sewing-machines are used, both bv 
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dressmakers, tailors, and shoemakers, and 
from the smallest to the largest scale. 
They find apphcation also in all sorts of 
industrial work, with confectioners, coffee- 
roasters, color-grinders, billiard-ball mak- 
ers, in many departments of textile in- 
dustry, and other matters too numerous 
to mention. 

I may mention one particular instance 
of variety of application which interested 
me much. At the "Montagnes Russes" 
I found a large horizontal engine placed 
in a recess driving a dynamo and cells 
for the electric lighting of the whole 
building; a small vertical engine in an- 
other place worked the rotary pump, 
which actuated the "cascade;" two or 
three large air-driven fans in wooden 
shafts served for ventilation; and lastly, 
a simple connection on a flexible pipe 
threw the air-pressure into the beer-bar- 
rels as they were brought in, and trans- 
ferred their contents to a height from 
which they could afterwards descend 
by gravity to the place where they were 
required. 
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As to the rate at which the compressed 
air is sold , I believe that in most of the 
larger installations the work is done by 
contract (at so much per lamp-hour in the 
case of the electric lighting), but in the 
smaller ones the air is charged for by- 
meter. The rate of charge is 1.5 centimes 
per cubic metre ( = 8^ c. per 1,000 cubic 
feet) for air used in motors and 2 cen- 
times per cubic metre ( = ll-3'^c. per 
1,000 cubic feet) for air used directly. 
Air used for raising fluids is charged ac- 
cording to quantity raised. The former 
rate is equivalent ito 4.25d. ( = 8.5c.) per 
1,000 cubic feet (the volume in all cases 
being measured at atmospheric pressure). 
In addition to this, a fixed charge of front 
100 to 250 francs ( = $20.00 to $50.00) 
is made for pipes and connections, and a 
small rent for the motor, if it be not 
bought outright. 




THE TRANSMISSION AND DISTRI- 
BUTION OF POWER FROM CEN- 
TRAL STATIONS BY COMPRESSED 
AIR. 

By Prof. William Cawthorne Unwin, B.Sc, F.R.S., 

M. Inbt. C. E. 

In 1888 the author communicated to 
the Institution a short paper on "The 
Transmission of Power to great distances 
by Compressed Air." * In that paper 
the loss of pressure in air-mains and the 
efficiency of transmission were discussed, 
it is beheved, with more theoretical 
completeness than had before been at- 
tempted. It was not within the scope 
of that paper to deal with the efficiencies 
of compressors and air-motors, and in- 
deed at that time very little trustworthy 

* Minutes of Proceedings Inst. C. E., vol. xciii., p. 421. 
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experimental information was available 
as to the waste of work in air-machinery. 
However, for the purpose of examining 
the practical bearing of the general 
equations obtained, it was necessary to 
assume efficiencies for the compressors 
and air-motors, and some special cases 
of transmission of power were examined 
in detail. It may now be said that the 
assumptions made were not very inex- 
act, for such systems of compressed air 
distribution as were in operation at that 
time. In 1889 Professor A. B. W. Ken- 
nedy made careful experiments on the 
system at work in Paris. He has given 
a summary at the end of his paper of 
all the losses of work which he found to 
occur in one case which was completely 
investigated. Air compressed at the 
central station, St. Fargeau, to six at- 
mospheres ( = 88.2 lbs. per square inch), 
was transmitted 5 kilometres ( = 3.1 
miles), reduced in pressure to four and 
a half atmospheres ( = 66.15 lbs. per 
square inch), and used cold in an air- 
motor of about 10 H.P. It was found 
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that for 1 indicated H.P. expended in the 
steam-cylinder of the compressor, only 
0.26 effective or brake H.P.was obtained 
at the air-motor. That is, the combined 
efficiency of compressor, main, and motor 
was 26 per cent. Now, in the author's 
paper it had been calculated that with 
initial compression to 58.8 lbs. per square 
inch absolute, and transmission a dis- 
tance of a mile, the combined efficiency 
of compressor, main, and motor might 
range from 0.33 to 0.39 according to the 
size of main adopted. These results 
are rather better than that found by 
Professor Kennedy in the case which he 
examined. There is Uttle doubt, how- 
ever, that the air-motor experimented on 
by Professor Kennedy wasted power by 
leakage. 

During the last year or two the sys- 
tems of compressed-air distribution in 
Paris and Birmingham have been greatly 
extended, and similar plans for power- 
distribution in Dresden, Berlin, Vienna, 
Leeds and other towns have been pro- 
posed. Amongst the schemes submitted 
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to the International Commission for the 
utilization of Niagara, there were three 
in which the power was to be distributed 
by compressed air. Hence the indus- 
trial importance of this system may now 
be considered as fully recognized. 

Compressed air has often been used in 
transmitting power in mines and for 
tunnelling operations, where rough ma- 
chinery is generally adopted, and where 
economy of power is not very important. 
It is not surprising that in many such 
cases extremely imperfect compressors 
and air-motors have been used, which, 
although they did the work required, 
wasted power extravagantly. It is from 
such experiences that an opinion has 
arisen that the efficiency of compressed-air 
transmission is very low. Better results 
have been obtained in the large systems 
for distributing power by compressed air 
in Paris and Birmingham. But it has 
been somewhat unfortunate that the types 
of compressor at first adopted were 
not such as to yield a high efficiency, 
and that many of the air-motors also 
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were extremely bad. All the older com- 
pressors at Paris, and the large ones at 
Birmingham, are single-stage compress- 
ors, with very inadequate means of cool- 
ing the air during compression by water- 
j ackers. At Birmingham the air is 
delivered into the mains at nearly 280° 
Fahrenheit, and practically the whole 
work expended in heating the air is 
wasted. 

Now it has been known for a dozen 
years at least that spray injection into 
the cylinder is more effective in cooling 
the air than a water-jacket. There is 
also a much more powerful means of re- 
ducing the temperature of the air dur- 
ing compression. By compressing the 
air in two or more stages, and cooUng it 
between the' stages, the work expended 
in heating can be very greatly reduced. 
As early as 1881 the Norwalk Ironworks 
Company, Connecticut, U. S. A., con- 
structed compound compressors, with an 
intercooler, with great advantage. Quite 
recently compound compressors have 
been made for the Paris system from the 
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designs of Professor A. Riedler, of Ber- 
lin, with the result that two thirds to 
three fourths of the work expended in 
uselessly heating the air in the older 
machines in Paris is saved. At the same 
time investigations have been carried 
out on the air-motors in use in Paris, 
which show that in the construction of 
these also a considerable increase of 
efficiency can be secured. 

In reconsidering the problem of dis- 
tributing power by compressed air, es- 
pecially in connection with the Niagara 
scheme, the author found nothing in 
the general method given in his previous 
paper which required revision. But the 
numerical results need correction in view 
of the improvements recently eflFected. 
Hardly any accurate experimental data 
were available two years ago. Now the 
very valuable treatise of Professor Ried- 
ler,* containing the results of observa- 
tions carried out in Paris, furnishes a 
mass of trust wort<hy experimental results, 

* Neue Erfahrungen fiber die Kraftversorgung von 
* » Paris durch Druckluft. Berlin, 1891. 
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both on the resistance of mains and the 
waste of work in compressors and air- 
motors. It appears worth while to re- 
examine the conditions of distribution 
of power by compressed air in the light 
of these new experiments. 

Loss OF Pressure in the Air-mains. 

Hitherto information as to the resist- 
ance of air-mains has been scanty. The 
best experiments were those made by 
Mr. Stockalper on the pipes of the bor- 
ing machines at the St. Gothard Tun- 
nel. The new experiments carried out 
by Professor Riedler and Professor Gut- 
ermuth on the air-mains in Paris are 
therefore of great value. The Paris 
mains are larger than any hitherto tried, 
and by coupUng up different mains at 
night, a length of lOi miles could be ex- 
perimented on. 

The main for the older Paris compress- 
ing-station consists of cast-iron pipes llj 
inches or 0.98 foot in diameter. It was 
laid partly in the sewers, which involved 
the use of many bends. Part of the 
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main in the Rue de Belleville is known 
to be leaky, and there are numerous 
draining-boxes, siphons, and stop-valves 
which cause resistance. In a more per- 
fectly arranged main, no doubt, the loss 
of pressure would probably be somewhat 
less than in this old one in Paris. In 
the following investigation Professor 
Riedler's results are used, but the reduc- 
tions from them and the conclusions de- 
duced are the author's. The formula 
for the flow of air adopted is that given 
in the author's paper on "The Motion 
of Light Carriers in Pneumatic Tubes.* " 
Formula for the Flow of Air in Long 
Pipes. — Let D be the diameter and L 
the length of a pipe in feet; v the ve- 
locity of the fluid in feet per second; 
^ the coefficient of friction, and H the 
head lost measured in feet of fluid imder 
the given conditions. Then if the fluid 
is incompressible. 



* Minutes of Proceedings Inst. C. E., vol. xliii., 1876. 
Also article on Hydromechanics, Encyclopsedia Bri- 
tannica, Ninth Eklition. Hydraulics, § 84. 
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This fonniila may be used for the flow 
of air in pipes, and indeed has been so 
used by Mr. Stockalper and others when 
the variations of pressure and density 
are small, so that mean values can be 
taken and the variations neglected. 
Professor Riedler uses this equation also, 
but with the artifice of dividing a long 
main into portions calculated separately 
— ^a method very cumbrous and not very 
accurate. 

When air flows along a pipe there is 
necessarily a fall of pressure due to the 
resistance of the pipe, and consequently 
the volume and velocity of the air in- 
creases going along the pipe in the 
direction of motion. The effect of the 
resistance is to create eddying motions, 
which, as they subside, give back to the 
air the heat equivalent of the work ex- 
pended in producing them. The result 
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is that, apart from conduction to exter- 
nal bodies, the flow is isothermal. Gen- 
erally, in compressed-air systems, the air 
is delivered into the mains at a tempera- 
ture above that of the surroimding 
earth. The excess of heat is parted 
with by conduction, and the temperature 
falls to that of the ground, but no lower, 
for there can then be no further loss of 
heat by conduction. 

Let P = the absolute pressure of the 
air in lbs. per square foot; 

T = the absolute temperature; 

G = the weight of the air per 
cubic foot in lbs. 

V = the volume of the air per 
lb. in cubic feet. 

Then 

PV = | = cT, . . . (1) 

where c= 53.15 for air. Taking the 
temperature of 60° Fahrenheit, so that 
T = 461+60 = 521, 

cT=53.15T = 27,690. . . (2) 
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If air is flowing steadily in a pipe, the 
same weight of air flows across every 
transverse section per second. Hence, 
if W is the weight of air flowing per 
second, £1 the area of a cross-section, at 
which the velocity is u, 

W=GQu= constant; . . (3) 
combining (1) and (3), 

X2wP=cTW. . . . (3a) 




Fig. 1 represents a short length dl of 
an air-main, between transverse sections 
Ao, Aj. Let d be the diameter, £1 the 
cross-section, m the hydraulic mean radius 
of the pipe. Let P and u be the press- 
ure and velocity at A^, P + dP and 
u-{-du the same quantities at Ai. ,Let 
W be the weight of air flowing through 
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the pipe per second. The units are feet 
and lbs. 

If in a short time dt the mass A^^ 
comes to A^'A/, then W=^udt and 
AiA/=<u-hdu)<ft. 

By analogy with Uquids, the head lost 
in friction, measured in feet of fluid, is 

w'dl 



^2gm' 



u^ 



Let H=z;-: then the head lost is 
2g' 

m 

and since W cK is the flow through the 
space considered in the time dt, the work 
expended in friction is, 

-r-Wdldi, 

The change of kinetic energy in the 
time dt is the difference of the kinetic 
energy of AjA/ and A^^A^'; that is, 

^\(u+duy-u'\ 
w 

= — vdvdt = Wdiuit. 

g 
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The work of expansion of flu dt cubic 
feet of air to D,{u-\-du) dtj at a pressure 
initially P, is flFdudt. But from (3a) 

_cTW 
du_ cTW 

dF np^' 

and the work done by expansion is 

The work done by gravity is zero if the 
pipe is horizontal, and in most cases may 
be neglected without great error. The 
work of the pressures on the sections 
A^j is 

Vnudt-'(P+dF)niu+du)dt 
(Pdu+udF)ndt, 

But if the temperature is constant, 

Pu= constant, 
Tdu+udF^O, 

and the work of the pressures is zero. 
Adding together the quantities of work 
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and equating them to the change of ki- 
netic energy, 

rTW H 

WdHdt = - -^ dPdt - c- WcM 

P ^m 

cT H 

P ^m 



H+HP^ + ^m=<^- • • (*> 



But 



cTW 
""ilP' 



*^~2</~2^£l'P»' 

^+^(^dP+r^=0 
H + cTW^'^^^^m "• 

For pipes of uniform section /2 and m 
are constant, for steady motion W is con- 
stant, and for isothermal flow T is con- 
stant. Integrating, 

log H + %rf^ + C- = constant. (5) 

For Z=0, let H = Hi and P=Pi, 
'' Z=L,letH = H2andP = P2, 
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where P^ is the greater and Pj the less 
pressure. By replacing H^, Hj, and W, 

log^;+;g.(P.-P.^)+C^=0. (6a) 
Hence the initial velocity in the pipe is 

p 

and when L is great, log ^ is compara- 

tively small compared with the other- 
term in the bracket. Then 

d! 
For pipes of circular section ^=7, 

where d! is the diameter in feet. Let rT 
= 27,690, and let p^, p, be the pressures 
in lbs. per square inch. Then 

tt. = |/ I 222,900^^21^^}. (7a) 

This equation is easily used. In some 
cases the approximate equation 
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Ui~ /^1.1319-0.72642.A |/(222,900^Vs) 

mav be more convenient. 

If the terminal pressure pj is required 
in terms of the initial pressure p^, then 

If from a series of experiments (j; is to 
be foimd, 

C = 222,900^ ^^^'~f^'\ . (10) 

Before proceeding to calculate the 
value of f from the experiments of Pro- 
fessor Riedler and Professor Gutermuth 
on the Paris mains, it is necessary to ex- 
amine the corrections to be made for 
leakage and the special resistances of the 
draining-boxes. 

Loss of Air by Leakage from the Main, 
— Special experiments were made by 
Professor Riedler and Professor Guter- 
muth to determine the leakage loss in 
portions of the old Paris main. These 
gave the following results : 
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" It is stated that during trials I, II, 
and IV considerable leakage was known 
to exist at the Central Station and the 
Rue de Belleville. In all the trials the 
air consumed by the clock system and 
some small motors not stopped is included. 
Reduced, as shown in the last line, the 
results are consistent if it is assumed that 
the leakage was really greater in the sec- 
tions included in I, II, and IV than in 
the other sections. 

Now, with an initial gauge-pressure of 
6 atmospheres and an initial velocity of 
30 feet per second, the main would deliver 
about 600,000 cubic feet of air per hour, 
reckoned at atmospheric pressure. Then 
the percentage of loss by leakage per mile 
per hour would be as follows : 



Per cent' 
of air lost 
by leak- 
age per 
mile per 
hour 



r 



I. 



II. 



m. 



IV. 



v. 



VI. 



1.00 



1.05 



0.38 



0.91 



0.40 



o.as 



71 



Professor Riedler believes that in newer 
and better-laid mains the leakage is 
considerably reduced. In any case it ap- 
pears that the loss is small and practi- 
cally can be neglected except in very long 
transmissions, at least when the main is 
delivering a full supply. It should be 
remembered, however, that the leakage 
is proportionately greatest in those hours 
when the pressure has to be maintained 
in the mains, but the demand for power 
is small. Where the demand for power 
is very variable this loss might become 
an appreciable factor. Looking to the 
uncertainty as to the amoimt and law of 
variation of leakage in different cases, it 
will be neglected in this investigation, 
taking the experiments above referred to 
as a proof that it is not a serious quantity 
even in the Paris installation, and that in 
newer mains laid with the experience now 
gained it would be still less important. 

Correction for Loss of Pressure at 
Dran/ning-tanks. — In some of the mains 
experimented on by Professor Riedler 
there were draining-tanks at which there 
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was a sensible loss of pressure. The re- 
sistance at such a receiver must be anal- 
ogous to the loss at a sudden enlarge- 
ment of a pipe, and we may therefore 
write, if Jig is the pressure lost, p the 
absolute pressure of the air, and v its 
velocity 

where ^^ is the coefficient of resistance 
to be determined by experiment. Some 
experiments were made by Professor 
Riedler on these draining-tanks. The 
following table gives the results and the 
calculated value of ^^: 



Absolute 

Pressure 

P- 


. Velocity 
of Air in 
Main. 


Observed 
Loss of 

Pressure 
at One 

Draining- 

tank, ^. 


Calculated 
Value of C^ 


Lbs. per 
Sq. Inch. 

104.6 
104.1 
84.1 
106.9 
102.0 


Feet per 
Second. 

19.5 

19.0 

28.5 

24.25 

18.25 


0.94 
0.95 
2.42 
2.14 
1.00 


0.00002363 
0.00002527 
0.00003543 
0.00003404 
0.00002943 


Mean . . . 


0.00002956 
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These figures are fairly accordant, and 
the loss at each draining-tank may be 
taken as 

|ft=0.00003p2^2 . . (11) 

Experiments by Professor Riedler and 
Professor Gvtermuth on the Resistance 
of the Paris Air-Mains. — The old air- 
mams of Paris consist of cast-iron pipes 
30 centimetres = 1 If inches=0.98 foot 
in diameter. It was on these that the 
experiments were made. For the new 
station wrought-iron pipes of 20 inches 
diameter are being used. The impor- 
tance of these experiments Ues chiefly in 
the large scale on which they were carried 
out. The volumetric efficiency of the 
compressors was first determined. Then, 
at different points on the pipe-Une, the 
pressure was observed when the compres- 
sors were running at known speeds. On 
Sundays the whole pipe-line could be 
coupled up, all work in the city being 
stopped. The air then passed through 
the southern main and back by the 
northern main, a distance of 10 miles. 
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The main is somewhat complicated, hav- 
ing been constructed piecemeal during 
the gradual extension of the enterprise. 
In the 10-mile length there are four 
draining-tanks, twenty-three draining- 
traps or siphons, and forty-two stop- 
valves. The resistance of these is in- 
cluded in the observed results. It ap- 
pears, however, that the most serious 
additional resistance was that of the 
draining-tanks, and as special experi- 
ments were made on these, their resist- 
ance can be estimated with very approxi- 
mate accuracy and allowed for. 

The following table gives the results 
of the experiments reduced to English 
measures. The columns marked with an 
asterisk are those taken directly from 
Professor Riedler's Tables. The others 
are deduced from his figures. 

The last column gives the values of <^ 
calculated by equation (10). 

It will be seen that the values of ^ are 
fairly consistent, considering the difficul- 
ties of the observations. The discrepan- 
cies are irregular, and obviously due to 
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inconsistencies in the data of the experi* 
ments. For instance, experiments XIII 
and XIV were made on the same main at 
nearly the same initial pressure. In XIV 
the velocity was sensibly greater than in 
XIII, but the loss of pressure is much 
greater in XIII than in XIV. 

Professor Riedler appears to believe 
that his experiments on the Paris main 
show that the friction of air in pipes is 
considerably less than it was believed to 
be from the results of earUer experiments 
on a smaller scale. The author does not 
think that this is so, but that, on the 
contrary, when properly reduced they are 
consistent with previous results, and that 
all the known experiments fairly support 
each other. In a paper on the Coefficient 
of Friction of Air flowing in long pipes,* 
it was shown that Mr. Stockalper's ex- 
periments gave the following results: 

c- 

Mean for 0.492-foot pipe 0.00449 

" . 656-foot pipe . 00377 

* Minutes of Proceedings Inst. C. E., vol. Ixiii., p. 299. 
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These experiments, as well as some 
others given in that paper, show that the 
value of ^ for air as well as for water de- 
creases as the size of the pipe is larger. 
Though experiments on the flow of air 
are not numerous enough to furnish any 
very trustworthy law, the author gave in 
1880 the following expression for the 
value of ^: 



C=0.0027(l+^,). 



This gives the following values for f , 

Pipe 0.492 foot diameter 0.00435 

" 0.656 " " 0.00393 

" 0.980 " " ....0.00351 

which are only a little different from 
those deduced from Stockalper's and 
Riedler's experiments. 

Rounding off slightly the mean of 
Professor Riedler's results, it will be as- 
sumed in the remainder of this paper 
that, for air flowing in pipes of not less 
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than 1 foot diameter, ^=0.003. Putting 
this value in equations (7a) and (9) 

Loss of Pressure per Mile of Pipe: — 
In order to indicate what kind of results 
this formula leads to, the following cases 
have been calculated: 

1. Given the diameter of the pipe, and 
the initial pressure and velocity of the 
air entering the main, it is required to 
find the loss of pressure in 1 mile of 
transmission. By simple transposition, 
putting L = 5280, 

Assuming initial velocities of 25, 50, 
and 100 feet per second, and initial press- 
ures of 50, 100, and 200 lbs. absolute, the 
following values are obtained : 
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unet«r 
Pipe. 


Initial 
Velocity, 


Values of Terminal 
Presflure, P2, when 


Peroentaoe 

of Iiutial 

Pressure 

Lost in 

One Mile. 


S^ 


Pi-50. 


Pi-100. 


Pi -200. 


Feet. 


Feet 

per 

Second. 










1.0 


25 


48.8 


97.7 


195.4 


2.4 


• • 


50 


45.3 


90.6 


181.2 


9.4 


■ • 


100 


26.9 


53.8 


107.6 


46.2 


2.0 


25 


49.4 


98.9 


197.8 


1.2 


» . ' 


50 


47.7 


95.4 


190.8 


4.6 


• • 


100 


40.1 


80.3 


160.6 


19.8 



The percentage of pressure lost in a 
mile is the same whatever the initial 
pressure. It must not, however, be as- 
sumed that the loss in 2 miles is double 
the loss in 1 mile. The velocity in- 
creases and the density diminishes going 
along the main. 

It is clear that when the velocity ini- 
tially in the main exceeds 50 feet per sec- 
ond, the loss of pressure becomes serious 
even in a distance of a mile. How far 
that involves a loss of efficiency will be 
considered later. 

2. Another mode of looking at the 
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question is interesting. Suppose the per- 
centage loss of pressure is assumed and 
the initial velocity calculated. In the 
following table this has been done for 
transmissions to distances of 1, 5, 10, and 
20 miles. 



igthof 
ain in 
I ilea. 


Diameter 
of Main 
in Feet. 


Initial Velocity, Vi, when the Percentage 
Loss of Pressure in Transmission is 


^S- 


1 


2* 


6 


10 


20 


1 

5 

10 

20 


n 


16.7 
23.7 

7.5 
10.6 

5.3 

7.4 

3.7 
5.4 


26.3 
37.3 

11.8 
16.6 

8.3 
11.7 

5.9 
8.3 


37.0 
52.4 

16.5 
23.3 

11.3 
15.9 

8.3 
11.7 


52.5 
71.18 

23.5 
33.2 

16.6 
23.4 

11.8 
16.6 


73.1 
100.6 

31.8 
44.9 

22.5 
31.8 

16.0 
22.6 



Transmission is possible to the longest 
distances here assumed at velocities not 
impracticably low, with losses of pressure 
which would not hinder efficient use of 
the air. 
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Action of the Air-compressors. 

When an air-compressor is driven by 
a steam-engine there is a difference be- 
tween the work done by the steam and 
the work done on the air, due to the 
work expended in friction of the mechan- 
ism and measured by the difference of 
area of the indicator-diagrams of the 
steam-cylinder and compression-cylinder. 
If the compressor is driven by water- 
power there will also be a corresponding 
loss in friction of the mechanism, prob- 
ably not widely different in amount. It 
will be sufficient here to consider a com- 
pressor driven by steam. 

Let U be the work expended, measured 
on the steam-cylinder indicator-diagram, 
and Ui the corresponding work shown on 
the compressor-cylinder diagram. Then 
if 7}^ is the efficiency of the mechanism, 

• 

It is convenient at present to take U and 
Ui to be the work in foot-pounds per 
pound of air compressed. In Professor 
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Kennedy's tests of some of the older 
compressors at Paris it appeared that 
7^1=0.845. Experiments by Professor 
Gutermuth on the new Riedler com- 
pressor gave 1^1=0.87, a result not widely 
different. 

In all compressors there are some losses 
of work due to clearance, to imperfect 
action of the valves, to leakage, and to 
other causes. But unless the machine 
is badly constructed these need not be 
large. If the air is compressed to a 
pressure above that in the mains — as has 
happened in some cases — ^there is a loss, 
for the unbalanced expansion uselessly 
heats the air; but this again can be kept 
within narrow limits if the valves act 
promptly and properly. The chief loss 
of work in compressors is due to useless 
heating of the air. It is not, of course, 
impossible that some of the heat thus 
generated should be usefully employed. 
'But to make use of it would involve 
compUcations. It is said that in Bir- 
mingham, where the distance of trans- 
mission is not great, some of the heat 
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reaches the motors, and then there is an 
economy in the amount of air used. 
But practically in most cases heat given 
to the air in the compressor is in fact 
wasted before the air is used for mo- 
tive purposes. A perfect compressor for 
power distribution would be one in which 
the air taken in at atmospheric pressure 
Pa should be compressed isothermally to 
an absolute pressure p^ equal to that in 
the mains at the compressing station, 
and then delivered into the mains with- 
out valve-resistance. 

Such a machine working without fric- 
tion, or clearance, or valve-losses, would 
require for each pound of air compressed 
an amount of work given by the equation 

C/:,= P«Va log, ^ foot^lbs., 

Pa 

where Pa is the atmcspheric pressure in 
lbs. per sq. ft. and Va the volume of 
1 lb. of air at that pressure. 

If, as hitherto assumed, the initial- 
temperature of the air is 60° Fahr.^ 



U2 =27,690 log. ^. 

Pa 



Fig. 2 shows the indicator-diagram of 
such an engine. OADE is the work 



done by the atmosphere on the pbton in 
the suction stroke. OBCDA is the work 
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done on the air in the compressing stroke, 
the compression-curve ]>ZJ being a com- 
mon hyperbola. The work expended in 
compression is therefore the shaded area, 
EBCD. 

If the air were compressed without any 
cooling during compression, the com- 
pression-curve would be an adiabatic, 
such as DF. The work expended in 
compression would be the area BFDE. 
Consequently in that case the area CFD 
would represent the work expended in 
useless heating of the air. This is easily 
calculated, for it can be shown that the 
work expended per pound of air in adia- 
batic compression is 



r 



r-i 



P-V. 




-]• 



Putting ;-= 1.408 and PaV«= 27,690 
as before, 

U2' = 95,458r^2iy-^Vi1. (15) 

If 1^2=^2/112', then Tf^ may be termed 
the efficiency of the compressing process. 
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For simple adiabatic compression, neg- 
lecting clearance and friction losses 



^^2 = 






-[&)""-] 



This may be called the theoretical value 

of )^2' 



Pi 


Pa 


Pa 


Theoretical 
Value of i|2. 


44.1 

73.6 

102.9 

147.0 


14.7 

• • • • 

• • • • 

• • ■ • 


3 
6 

7 
10 


0.85 
0.78 
74 
70 



It is clear, therefore, that if the air is 
not cooled during compression the effi- 
ciency of the process decreases as the 
pressure to which the air is compressed 
is greater. Now in most cases the cool- 
ing arrangements are very imperfect, and 
the compression is nearly adiabatic. Con- 
sequently there has been reluctance to 
use high initial pressures, and this dimin- 
ishes the facility for distributing power 



by GomprefiBed air. As the other losses 
besides that due to heating are serious, 
the whole efficiency of the compressor is 
considerably less than the values calcu- 
lated above. 

Fig. 3 shows an actual diagram from 
one of . the best of the older Colladon 



compressors. The shaded area BCDE is 
the useful work of compression, U, cor- 
responding to the area EBCD in Fig. 2. 
The thick line is the actual indicator- 
diagram. It will be seen that the actual 
tliagram is 38.15 per cent larger than the 
isothermal diagram for the volume of air 
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admitted, the difference being due partly 
to the waste of work in heating the air 
and partly to valve-resistance, causing a 
■ loss of pressure in the suction-stroke and 
an excess pressure during delivery into 



Cocke BILL Cobphebsob. 

the mains. In this case ijj, measured 
from the diagram, is 0.72. In several 
compressors tried by Prof^sor Riedler, 
the loss of work in the compressing pro- 
cess was twice as great as in this case. 
Fig. 4 shows a similar diagram for one of 



88 



the Cockerill •compressors at Paris. The 
excess work here is 40.2 per cent of the 
useful work, and consequently i^2=0.70. 
Obviously, part of this loss can be saved 
if the air is cooled during compression, 
and all compressors are provided with 
some means of cooling. Very generally 
a water-jacket to the compressing cylinder 
is used, but the action of this is very im- 
perfect. At Birmingham, although the 
compressors are well water-jacketed, and 
though the pressure is only 45 lbs. 
(gauge), the temperature of the air de- 
livered is about 280°. The area of sur- 
face of the cylinder is small compared 
with the volume of air compressed, and 
air parts with heajb to a metal surface 
slowly. Spray injection into the cylinder 
answers much better in keeping down 
the temperature. But it is believed that 
the result is partly deceptive, the cooling 
going on after the air is completely com- 
pressed, so that the compression-ciuve is 
hardly so much flattened as might be 
expected from the temperature at which 
the air is delivered. 



The only remaining means of reducing 
the loss of work Jay heating is to compress 



r Compound Cohe 



in two or more stages, and cool the air 
thoroughly between the stages. This in- 
termediate cooling can be easily effected, 
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the air being taken through tubiilar ves- 
sels presenting any amount of cooling 
surface that may be required. 

In Fig. 5, EBCD is the diagram of 
isothermal compression as before. DF is 
an adiabatic, so that in single-stage com- 
pression, without cooling, CDF represents 
the work lost in useless heating. Now 
let it be supposed that the compression 
is effected in two stages. In the first 
stage, no cooling being assumed, the 
work lost will be the area HKD. But 
the air is then cooled to its initial tem- 
perature, and the volume shrinks from 
LK to LH. H is a point on the isother- 
mal DC. During the second stage HG 
is the adiabatic compression-curve, and 
CGH the work wasted in heating the air. 
It can now be seen that the effect of the 
intermediate cooling is to reduce the 
work expended in compression by the 
area GFKH a very material quantity. 

It is this stage-compression with inter- 
mediate cooling, and with spray-injection 
also, which Professor Riedler has adopted 
in the new compressors for Paris, with 
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marked increase of efficiency. Fig, 6 
shows an dfctual diagram from one of the 
Riedler compressors, and it will be seen 
that the excess compression is only 12.07 



per cent, so that in this case 17, has the 
high value 0.89. 

In using air for transmitting power it 
is important, with a view of diminishing 
the size of the mains, to adopt high 
initial pressures, and it b the inefficiency 
of the compressing process in ordinary 
machines which has hitherto prevented 
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the adoption of such pressures. Pro- 
vided the efficiency of the compressors 
can be increased, much greater pressure 
loss can be permitted in the mains, and 
consequently much smaller mains will 
suffice to transmit a given amount of 
power. 

Professor Riedler and Professor 

Gutermuth's Experiments on 

THE Efficiency of 

Compressors. 

If, as above, Ui = 7iU is the work ex- 
pended in compression after deducting 
the friction of the mechanism, and 

Ua = 27,690 log.^ 

is the useful work done in compression, 
then 

is a coefficient of efficiency of the com- 
pressing process, which includes both the 
waste of work in useless heating and any 
losses due to clearance, valve resistance, 

etc. 

Professor Riedler has obtained a series 
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of indicator-diagrams from different com- 
pressor cylinders. On these he has drawn 
an ideal isothermal diagram without 
clearance or valve-losses and for com- 
pression to the pressure in the main. 
The excess of area of the actual diagram 
over the ideal diagram is the work wasted 
in the compressing process, and from this 
rj2 is easily calculated. The following 
table gives a series of such results : 

Efficiency rj2 of Compression. 



Tjrpe of Compressor. 



CoUadon, St. Gothard. . . 



tt <i 



Sturgeon 

CoUadon 

Slide-valve compression 

Paxman 

Cockerill 

Riedler twoHstage 



Pressure in 

Main, p\. 

Atmos. 



6 
6 
3 
4 
5 

6 
6 



Lost Work 

in Per Cent 

of Useful 

Work. 




1»2. 



0.488 
0.521 
0.515 
0.722 
0.670 
0.701 
0.713 
0.892 



The table shows how very low is the 
efficiency of some of the older compres- 
sors. Even in the compressors in Paris 
with single-stage compression r/^^O.lO, 
Hence, if the friction of mechanism is 
taken account of, and tf^ is put at 0.85, 
the ^resultant efficiency is 0.85X0.70 
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=0.595, or less than six-tenths of the 
indicated work in the steam-cylinder is 
usefully expended in compression. The 
Riedler two-stage compressor gives a 
much better result. Taking ^i=0.87, 
its efficiency is 0.77. 

Professor Riedler has given some other 
figures, not based as the above are on the 
measurement of single diagrams, from 
which the efficiency of the Paris com- 
pressors can be calculated in a more 
trustworthy way. The following data 
are given as the result of a series of ex- 
periments with each compressor: 



For Each Indicated 
steam H. P. 



Tsrpe of Compressors. 



Paxman machine (Sturgeon com 
pressors) 

Cockerill machine (Dubois Fran- 
cois compressors) 

Riedler machine (two-stage com- 
pressors) 




AM 



102.9 
102.9 
102.9 
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From these figures the following are 
calculated : 



Paxman. 
CockeriU. 
Riedler... 



si 









1.980,000 20.24 
22.94 
28.06 



Xi 

So 
i-' 



QQ 



97,830 
86,340 
70,550 



a 



-3 






g&" 



OS 



'56 



3 



53,920 



t^b 



IB- 



0.551 
0.624 
0.764 



111- 



i»3. 



0.85 0.648 
0.85 0.735 
0.87 0.898 



These results agree well with those 
obtained above in a different way. 

Action of the Air-motors. 

An air-motor is simply a reversed air- 
compressor. Hitherto the conditions of 
efficiency fin air-motors have received very 
little attention. In Paris many of those 
used are of small size, and in these a 
good efficiency is not to be expected. 
The best results have been obtained thus 
far by adapting old steam-engines to 
work as air-motors, and this can be done 
at very little trouble. It is specially 
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desirable that in an air-motor the cylin- 
der-clearance should be small or the 
compression sufficient. Probably the 
greatest source of avoidable waste in air- 
motors has been leakage at the piston. 
In a steam-engine, the condensation on 
the cylinder-wall helps to render the 
piston tight. In an ordinary air-engine 
the cylinder-surface is more or less dry, 
and the waste with air from leakage at 
even small apertures is very great. 

A considerable economy can be secured 
by reheating the air in a simple form of 
stove before admitting it to the engine. 
At first sight this seems a compUcation 
likely to involve as much trouble as a 
steam-boiler. That, however, is not at 
all the case. The reheating appliances 
are extremely simple, there is ho risk of 
explosion, and the amount of heat which 
it is desirable to give to the air is insig- 
nificant compared with that required in 
raising steam. Professor Riedler tried 
an old 80-H. P. steam-engine in Paris 
which had been adapted to work as an 
air-motor, and which was actually giving 
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72 indicated H. P. with compressed air 
at 5i atmospheres pressure. It was 
using about 31,000 cubic feet (reckoned 
at atmospheric pressure) or about 2376 
pounds of air per hour. This air was 
heated to a temperature of about 300*^ 
Fahrenheit by the expenditure of only 
15 poimds of coke per hour. On m 
favorable assumption a steam-engine 
working to the same power would have 
required ten times this consumption of 
fuel at least. Reheating the air has the 
practical advantage of raising the tem- 
perature of exhaust of the motor, and 
for the amount of heat supplied the 
economy realized in the weight of air 
used is surprising. The reason of this is 
that the heat supplied to the air is used 
nearly five times as efficiently as an equal 
amount of heat employed in generating 
steam; 

In certain cases the air-motor cylinder 
ha« been jacketed by hot air. This in- 
creases again the amount of work ob- 
tained per pound of air used. It can 
hardly be considered a thermodynami- 
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cally advantageous process, but it may 
have advantages practically in raising 
the exhaust-temperature. Lately in some 
cases water has been injected in small 
quantity into the air while passing 
through the reheating stove. This passes 
into the engine as steam. It condenses 
during the expansion, yielding latent 
heat to the air, and thus raising the 
temperature of exhaust. Whether it is 
advisable from a purely thermodynamic 
point of view may be doubted, but it 
seems to have practical advantages possi- 
bly in lubricating the cyUnder and pre- 
venting leakage. When steam is em- 
ployed in this way the expansion curve 
rises above the adiabatic and becomes 
nearly an isothermal. The steam may 
amount to about 5 per cent of the weight 
of air used. 

Useful Work done by an Air-motor. 

Let the air be deUvered from the main 
to the air-motor at the pressure Pj in 
lbs. per square foot, or pj ^^ lbs. per 
square inch. First let it be supposed 
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that the air is used in the motor cold, 
its temperature being taken at 60*^ 
Fahrenheit and its volume in cubic feet 
per lb. being Vj. Expanded adiabati- 
cally in an engine down to atmospheric 
pressure, pa, the work done would be in 
foot-lbs. per lb. of air. 

y-l 



^B~Z i^2^2 



D-fe) • 1 



-95,458[l-(&)°"]. . (16) 

The actual work obtained in any given 
motor using air cold will be less than this 
in consequence of incomplete expansion, 
valve resistance, clearance, leakage, and 
other losses. Let jhe actual work shown 
on the indicator-diagram of the air-motor 
beU4. Then if 

U4=%U3, 

7^3 is the efficiency with which the fluid 
is used in the particular air-motor, a co- 
efficient which must be determined by 
experiment. 
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Second. Let it be supposed that the 
air, arriving in the main with the tem- 
perature Tj (absolute), is reheated to a 
temperature Tj before being used in the 
motor. As it is reheated at constant 
pressure, the amount of heat to be given 
to each lb. of air is 183.45 (T3-T2) 
foot-lbs., or 0.2377 (T3-T2) thermal 
imits. Then the work of adiabatic ex- 
pansion from a pressure pj to atmospheric 
pressure pa will be 

Generally the work shown by the indica- 
tor-diagram of any engine will be less 
than this, for the causes mentioned above, 
and if 173 is the efficiency with which the 
motor uses the fluid, the indicated work 
will be 

There is no reason for expecting t;, to be 
different in this case from what it was in 
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the previous one, unless hot-air jacketing, 
or steam injection, is used. In that case 
^8 will be larger, and may be taken to 
include the additional work due to heat 
supplied during the stroke. 

There is yet one more source of loss in 
the motor, the friction of the mechanism. 
If y/4 is the efficiency of the mechanism, 
then 

is the effective or brake work of the 
motor per pound of air used. 

Experiments on Air^motors by Pro- 
fessor Riedler and Professsor Gutermuth, 
— In the following tables some of the ex- 
periments are quoted, together with the 
work per pound of air and the values of 
775 and r/^. When Professor Riedler does 
not give the indicated, but only the brake, 
H. P. of the motor, it will be assumed 
that 77^=0.85 in order to calculate a 
probable value of tf^. 

It will be seen that in the older small 
motors the eflRiciency with which the fluid 
is used ranges from 0.37 to 0.44, which 
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perhaps, considering the kind of motor, 
is a good result. In the later machines, 
arranged to* work expansively, the effi- 
ciency ranges from 0.58 to 0.87, results 
remarkably good for motors so small. 
The coefficients are rather higher with 
reheated air, showing that the work done 
is increased even in a rather higher ratio 
than Ta/Tj. 

Some other experiments on small mo- 
tors may be passed over in order to con- 
sider some experience on an old Farcot 
steam-engine, with Corliss valves, which 
had been converted for use as an air- 
motor. 

This engine was nominally of 80 H. P., 
and worked at 72 indicated H. P. in the 
trials. In all cases the air was reheated 
before use to about 300° Fahrenheit. 
The cyUnder was also jacketed by the 
hot air on its way to the cylinder-chest. 

The efficiency is therefore 0.81, an ex- 
tremely good result. 

Of all the work obtainable by the 
expansion of one pound of air received 
at 95.5 lbs. per sq. in., and at a tempera- 
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ture of 300® Fahrenheit, four-fifths is 
obtained as effective work on the brake. 
However, part of this work recovered is 
borrowed from the hot air before admis- 
sion to the cyUnder and given back to it 
by the jacket. That the jacket consid- 
erably affected the working during ex- 
pansion is shown by the temperature 
during exhaust. The following table 
gives the temperatures the air would 
have reached by adiabatic expansion, and 
the actual temperatures of the exhaust 
in the experiments above : 



Initial 
Temperature. 


Final Tempera- 
ture for Adiabatic 
Expansion. 


Actual 
Final 
Tem- 
pera- 
ture, 
Fahr. 


Increase 
of Tem- 
perature 
of Ex- 


Fahr. 


Abso- 
lute. 


Fahr. 


Abso- 
lute. 


haust 
due to 
Jacket. 


264 
306 
320 
338 


726 
766 
781 
799 


-75 
-53 
-46 
-36 


386 
408 
416 
426 


+ 70 
+ 84 
+ 96 
+ 120 


145 
137 
140 
155 
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Practical Calculations on the Dis- 
tribution OF Power by 
Compressed Air. 

It will be convenient first to give a 
summary of the formulas required in 
settling a system of compressed-air dis- 
tribution; and afterwards to discuss some 
special cases. 

Let Pa be the pressure in lbs. per sq. ft., 
Pa the pressure in lbs. per sq. 
in., Va the volume of a lb. in 
cu. ft., Ta the absolute temper- 
ature of air admitted from the 
atmosphere to the compressor. 
Pj, Pi, Vi, Tj the same quantities 
for air discharged from the 
compressor into the main. 
Pj, p2y V2, T2 the same quantities 
for air arriving at the point of 
consumption in the main. 
U— indicated work done by the 
steam on the piston of the com- 
pressor reckoned in H. P. 
Uj = rj^V = corresponding indicated 
work in the compressor cylinder. 
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U2=i^2Ui = useful work of compres- 
sion, or work of isothermal com- 
pression from Pa to Pj. 

U3= available work of air arriving 
at the motor, or work of adia- 
batic expansion from pj to pa. 

U4= 1^3113= indicated power of the 
air-motor. 

Us =i?4U4= effective or brake work 
of the air-motor. 

Taking Pa = 21 16.3, pa = 14.7, ¥«= 
13.09, T. = 521°, 

PaVa = 27,690. . . . (1) 

If W lbs. of air are compressed per 
second by U horse-power in the steam- 
cylinder corresponding to Ui indicated 
horse-power in the compressor - cyhn- 
der, then, allowing both for friction of 
mechanism and clearance, leakage, and 
other losses in compression, 

550)?i)?2U = 27,690W log.2i, 

Pa 

W=-^i5£_. ... (2) 
50.3 log. ^^- 



108 



When by conduction in the main the 
air is at its initial temperature Ta, 

PiVi = 27,690, 

PiVi = 192.3. ... (3) 

If Vi is the initial velocity of the air 
in the main, the diameter of which in 
feet is dy 

d=15Mi/~. ... (4) 

The pressure falls in a main of length 
I in feet from Pi to pj? ^^^ amount being 
given by the equation 

^ = \/ 1 1-74 300,000(^1 • • (^) 

The available work of the air arriving at 
the motor with the pressure pj ^^ atmos- 
pheric temperature Ta is, if it is used 
without reheating, in H. P., 
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-173.5w[l-(g)"»]. . (6) 

If reheated to T3 before admission to 
the motor, 

U.' = 173.5wT.[l-(gy-^]. .(7) 



Indicated work of motor 

==V,=T)^V^. ... (8) 
Brake or effective work of motor 

=U5=T?,U,. ... (9) 

VaLues assumed for the Coefficients of 
Efficiency. — It appears that the efficiency 
of the mechanism of compressors is from 
0.85 to 0.87. In the following calcula- 
tions it will be assumed that 1^1=0.85. 
As to the efficiency of the process of 
compression, this varies greatly with the 
type of compressor. In some of the 
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older single-stage compressors it is as low 
as 0.5. But taking the best of those 
tried by Professor Riedler and slightly 
rounding off the values, 

For single-stage compressors, 1^2=0.7. 
'' two-stage " T^2=0.9. 

The loss in the main must be calculated 
for each special case. 

For the air-motors, as it is not in- 
tended to discuss the use of air on a 
small scale, it will be assumed that 
1^3=0.85 and 1^4=0.9. These values are 
slightly below those obtained in the ex- 
periments, and the results should there- 
fore be such as are practically realizable 
in ordinary work. 

Case 1.-10,000 H. P. is to be trans- 
mitted a distance of 2 miles. Taking 
1^1=0.85 and 7^2=0.9 (two-stage com- 
pression) the useful work of compression 
will be 7,650 H. P. Now, let the air be 
compressed to 4, 8, and 12 atmospheres 
on the gauge, then the weight of air 
compressed will be as follows: 
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Case I. 


Initial Gauge 
Preasure, 
Atmos- 
pheres. 


Initial Press- 
ure. Lbs. per 
Square Inch 
Absoute. 


Pi 
Pa 

5 

9 

13. 


Weight of Air 

Compressed 

in Los. per 

Second -W. 


a 

b 

c 


4 

8 

12 


73.5 
132.3 
191.1 


94.54 
69.10 
59.29 



To ascertain suitable diameters for the 
main, let initial velocities of 30, 50, and 
75 feet per second be assumed. For 
these velocities, and in the cases de- 
scribed, the diameters required will be 
as follows : 



Case I. 


Initial Press- 
ure. Lbs. per 
Square Inch 
Absolute. 


Initial Veloc- 
ity in the 
Main. Feet 
per Second. 


Diameter of Main. 


In Feet. 


In Ins. 


a 

6 

c 


73.5 
132.3 
191.1 


(30 
-^50 

(75 

(30 
-^50 
(75 

(30 
-^50 
(75 


3.23 
2.50 
2.05 

2.06 
1.60 
1.31 

1.59 
1.23 
1.01 


39 
30 
25 

25 
19 
16 

19 
15 
12 



None of these mains are impracticable 
in size, and for the higher pressures and 
velocities they are surprisingly small, 
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considering that they are shown to be 
capable of transmitting 10,000 indicated 
steam H. P. a distance of 2 miles. It 
remains to examine whether the loss of 
pressure is serious. 



Case I. 



■» "•. /^ 







73.5 



132.3 



191.1 



5 «• fl 

ill 



130 
•J 60 
I 75 



1 



30 
50 
75 

30 
70 
75 



J§ 









3.23 
2.50 
2.05 

2.06 
1.60 
1.31 

1.59 
1.23 
1.01 




72.0 
68.0 
58.2 

129.4 

116.5 

91.1 

183.4 
161.7 
115.4 



r 






2.0 

7.4 

21.0 

2.0 
11.9 
31.1 

4.0 
15.3 
39.6 



None of these losses would render the 
utiUzation of the power impossible, and 
it is only at the highest pressures and 
velocities that the fall of pressure is 
serious. 

Lastly, the power developed at the air- 
motor due to 10,000 indicated steam 
H. P. in the compressor has to be calcu- 
lated. The air being delivered at a dis- 
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tance of 2 miles, and used cold, the H. P. 
obtained will be as follows : 
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It is ver}'- striking how little the effi- 
ciency is affected by considerable changes 
in the initial pressure and velocity in the 
mains; with the exception of two cases, 
for 10,000 steam indicated H. P. expended 
at the compressor there is obtained from 
4,400 to 5,100 indicated H. P. at the air- 
motor. That is to say, the efficiency of 
the whole arrangement, compressor, main, 
and air-motor, when the air is used cold, 
ranges from 44 to 51 per cent, and that 
with mains of quite moderate size. 
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If the advantage of reheating at the 
motor is resorted to, which in no case in- 
volves any great additional trouble, and 
which from the small amount of fuel re- 
quired can often be carried out with very- 
little additional expense, the H. P. ob- 
tained will be as follows: Let it be sup- 
posed that the air arriving at the motor 
at 60° Fahrenheit is reheated to 300^ 
Fahrenheit, as in the case of the Farcot 
steam-engine, details of which are given 
above. Then 
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Here again, excepting two cases, the 
efficiency reckoned on the indicated 
power is from 64 to 75 per cent, neglect- 
ing the cost of the fuel for reheating. 

Case II. — A long-distance transmission 
may now be discussed. Suppose, as be- 
fore, that 10,000 indicated H. P. is de- 
veloped in the steam-cylinders of the 
compressors, and is to be transmitted a 
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distance of 20 miles. Taking the same 
pressures as before, the calculations of 
the weight of air compressed need not be 
repeated. The initial velocities previ- 
ously assumed will, however, be exces- 
sive, because the velocity in the main 
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increases as the pressure falls, and in this 
case, as the fall will be considerable, the 
terminal velocities are much greater than 
the initial velocities. Initial velocities of 
20, 35, and 50 feet per second will be as- 
sumed.* , 

None of these mains is impracticable 
in size. The following table gives the 
calculation of the pressure loss: 
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It turns out on calculation that some 
of the cases assumed are impossible; 
that is, the whole initial pressure is in- 
sufficient to give the assumed initial ve- 
locity. In one other case, the 1.91 foot 
main with a velocity of 35 feet, the loss 

* See table on page 111. 
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of pressure in the main is impractica- 
bly large. There remain, however, four 
cases in which neither the size of main 
nor the loss of pressure in a transmission 
to a distance of 20 miles is such as to 
render the transmission impracticable. 
In three cases the loss is remarkably 
small, and the terminal pressure quite 
suitable for application. For instance, 
it appears that the air compressed by 
10,000 H. P. to 132.3 lbs. per sq. in. can 
be transmitted to a distance of 20 miles 
in a 30-inch main with a loss of pressure 
of only 12 per cent. 

The power delivered at a distance of 
20 miles by air-motors using the com- 
pressed air can now be calculated. If 
the air is used cold the power obtained 
will be as follows: 
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If the air is reheated to 300° Fahr., as 
assumed in the previous case, 
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Here the efficiency of the whole ar- 
rangement — calculated on the indicated 
power, the air being deUvered at a dis- 
tance of 20 miles, and including all losses 
— ^is 40 to 50 per cent if the air is used 
cold, and 59 to 73 per cent if the air is 
reheated. The results are based abso- 
lutely on efficiencies already obtained in 
similar cases, and the sole loss neglected 
is possible leakage in the mains. 

Fig. 7 is drawn to scale for Case II, e. 
It is a diagram showing the relation of 
the work expended and useful work re- 
covered when 10,000 H. P. is transmitted 
20 miles in a main 30 inches in diameter. 
AEGB is the work expended in a two- 
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stage compressor, compressing 1 lb. of 
air from 14.7 to 132.3 lbs. per sq. in. By 
cooling in the mains the volume of the air 
shrinks from EG to EF. The frictional 
resistance reduces the pressure to 116.5 
lbs. per sq. in., when the air has the volume 
MK determined by the isothermal. The 
work done by an air-motor, using the air 
cold, is MKCA. If the air is reheated to 
300** the volume expands from MK to 
ML (1.46 times). Then the work of the 
air-motor, using reheated air, is MLDA, 
and KLDC is the important gain of 
work due to reheating. Of course the 
areas given by the diagram have to be 
multipUed by the efficiencies given above. 
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Complete Svstem of Descriptive Mineralogy. 8vo, 
cloth. With many illustrations 8 60 

CBAIG (B. F.). Weights and Measures. An Account 
of the Decimal System, with Tables of Couversion 
for Commercial and Scientific Uses. Square 82mo, 
hmp cloth 5C 

CBOCKEB (F. B.). Electric Lighting. A Practical 
Exposition of the Art, for use of Engineers, Students, 
and others interested in the Installation or Operation 
of Electrical Plants. Second edition. Revised. 

8vo, cloth. Vol. 1. The Generating Plant 8 00 

Vol.8 (InPress.) 
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CBOCKBB, (F, B.)» And S. S. TTHEKIiBB. The 

Practical Management of Dynamos and Motors. 
Fourth edition (eighth thousand). Revised and 
enlarged With a special chapter by H. A. Foster. 
12mo,cloth. Illustrated 100 

CUMMING (LINN^U«(, Hi. A.). Electricity treated 
Experimentally. Fo the use of Schools and Students 
New edition. 12mo, cloth 1 50 

DAT1;es ( E. H.). Machinery for Metalliferous Mines. 
A Practical Treatise f < r Mining Engineers. Metallur- 
srists and Manufacturers, ^ith upwards of 300 
illustrations. 8vo, cloth 5 00 

DATIS (JOHN W., C. E.). Formulae for the (Calcu- 
lation of Kailroad Excavation and Embankment, 
and for finding: Average Haul. Second edition. 
Octavo, half roan.. 1 60 

DAT (CH ABLV:S). The Indicator and its Diagrams. 
With Chapters on Engine and Boiler Testing; 
Including a Table of Piston Constants compiled by 
W. H. Fowler. ISmo, cloth. 125 illustrations. 2 00 

D ERR (W. li.). Block Signal Operation. A Practical 
Manual. Oblong, cloth • — 150 

DIXON CD. B.). The Machinist's and Rteam Engineer's 
Practical Calculator. A Compilation of Useful Rules 
and Problems arithmetically solved, together with 
General Information applicable to Shop-Tools, Mill- 
Qearing, Pulleys and Hhafts, Steam-Boilers and 
Engines. Embracing valuable Tables and Instruc- 
tion in Screw cutting. Valve and Link Motion, etc. 
16mo, full mo: occo, pocket form 1 25 

DODD (GEO ). Dictionary of Manufactures, Mhiing, 
Machinery, and the Industrial Arts. 18mo, doth ... 1 50 

DORR (B. F ). The Surveyor's Guide and Pocket 
Table Book. 18mo, morocco flaps. Third edition. . . 2 00 

DRAPER (C. H.). An Elementary T«»xt B^ok of 
Light, Heat and Sound, »ith Numer us Examples. 
Fourth edition. 12mo. clotn. Illustrated 100 

Heat and the Principles of Thermo-DynamicB. '^ 
Wltn many illustrations and numerical examples. 
12mo. cloth 1 50 
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DUBOIS (A. J.). The New Method of Graphic 
Biatics. Yfith 60 illustrations. 8vo, cloth 1 59 

EDDY (Prof. H. T.). Researches in Graphical 
Statics. Embracing New Constructions in Graphi- 
cal Statics, a New General Method in Graphical 
Statics, and the Theory of Internal Stress in Graphi- 
cal dtatica 8vo,cloth 169 

— Maximum Stresses under Concentrated Loads. 
Treated graphically. Illustrated. 8vo, cloth 1 60 

EISSLER (M.). The Metallurgy of Gold ; a Practical 
Treatise on the Metallurgical Treatment of Gold- 
Bearing Ores, including the Processes of Concentra- 
tion and ChlorinatioUf and the A6saymg, Melting 
and Refining of Gk>ld. Fourth Edition, revist'd and 
greatly enlarged. 187 illustrations. 12mo, cloth 6Cf 

The MetaUurgy of Silver ; a Practical Treatise on 
the Amalgamation, Roasting and Lixivation of Silver 
Ores, including the Assa> ing. Melting and Refining 
of Silver Bullion. 184 illustrations. Second edition, 
enlarged, 12mo, cloth . .. 4 

— The Metallurgv of Argentiferous Lead : a Practi- 
cal Treatise on the Smelting of Silver Lead Ores and 
the Refining of Lead Bullion. Including Reports 
on Various Smelling Establishments and Descrip- 
tions of Modem Smelting Furnaces and Plants m 
Europe and America, with 188 illustrations. 8vo, 
Cloth 5 

Cyanide Process for the Extraction of Gold and 
its Practical Application on the Witwatersrand Gold 
Fields in Boulh Africa. Second edition. Enlarged. 
8vo, cloth. Illustrations and folding plates 8 

A Hand-book on Modem Explosives, being a 
Practical Treatise on the Manufacture and use of 
Dynamite, Gun Cotton, Nitro-Glycerine and other 
Explosive Compounds, including the manufacture 
of Collodion-Cotton, with chapters on explosives in 
practical application . Second edition, enlarged with 
150 illustrations. 12mo, cloth 6 

SUOT (C. W.)f and STOR£B (F. H.). A compen- 
dious Manual of Qualitative Chemical Analysis. 
Revised with the co-operation of the authors, by 
Prof. William R. Nichols. Ulustrated. Nineteenth 
edition, newly revised by Prof. W. B, Lindsay, 12mo. 
eloth. 1 
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KIXIOT (MiO* OSO. H.)« European Lifcht-Houae 
fiyatems. Being a Report of a Tour of Inspection 
made in 1878. 61 engravings and 21 woodoits. Sro, 
cloth 500 

BLLISOX, (I<EWIS M.). Practical Application of 
the Indicator. With reference to the adjuBtment of 
Valve Gear on all styles of Engines. Second edition, 
revised. 8vo. cloth, 100 illustrations 2 00 

EVERETT (J. D.). ElementaiT Textbook of 
Physics. Illustrated. Seventh edition 12mo, cloth 1 60 

SWING (Prof. A. J.). The Magnetic Induction in 
Iron and other metals. 159 illustrationB. 8vo, cloth 4 00 

BANNING (J. T.). A Practical Treatise on Hydrau- 
lic and Water-supply Engineering. Relating to the 
Hydrology, Hydro-dynamics, and Practical Con- 
struction of water- works in North America. 180 
illustrations. 8vo, cloth. Fourteenth edition, revis- 
ed, enlarged, and new tables and Illustrations 
kdded. 660 pages 5 00 

FISH (J. C. li.). Lettering of Working Drawings. 
Thirteen plates, with descriptive text. Oblong, 
9xl2Vi, boards 100 

STSKE (Lieut. BRADLET A., U. 8. N.). Electric- 
ity in Theory and Practices or, The Elements of 
Electrical Engineering. Eighth edition. 8vo, cloth 2 60 

f^SHER (H. K. C. and DARBT, W. C). Students' 
Guide to Submarine Cable Testing. 8vo, cloth 2 60 

VIS HER (W. C). The Potentiometer and its Ad- 
juncts. 8vo,cloth 2 25 

iEXKISCHMANN (W.). The Book of the Dairy. A 
Manual of the Science and Practice of Dairy Work. 
Translated from the German, by C. M. Aikman and 
R. Patrick Wright. 8vo, cloth 4 00 

SXESIING (Prof. J. A.). The Alternate Current 
Transformer in Theory and Practice. Vol. 1 — ^The 
Induction of Electric Currents; 611 pages. New edi- 
tion. Illustrated. 8vo, cloth 6 00 

Vol . 2. The U til ization of Induced Currents . Dlus- 
trated. 8vo, cloth 5 00 

Electric Lamps and Electric Lighting. Being a 
course of four lectures delivered at the Royal Insti- 
tution, AprU-May, 1894. 8vo, cloth, fully illustrated 8 00 
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IXEMINO (Prof. J. A.). Electrical Laboratory 
Notes and Forms, Elementary and advanced. 4to, 
cloth, illustrated 5 <V 

FOI^BY (NEL.SON), and THOS. PRAT, Jr. Tb« 

Mechanical Engineers' Reference Book for Machine- 
and Boiler Construction, In SJ parts. Part 1— General 
Engineering Data. Part 2— Boiler Construction. 
With flfty-one plates and numerous illustrations, 
specially drawn for this work. Folio, half mor . . . .25 OP 

FOBNEY (MATTHIAS N.). Catechism of the Loco- 
motive. Second edition, revised und enlarged. 
Forty-sixth thousand. 8vo, cloth 3 SP 

FOSTER (Gen. J. O., U. S. A.). Submarine Blasting 
in Boston Harbor, Massachusetts. Removal of 
Tower and Corwin Rocks. Illustrated with 7 plates. 
4to, cloth 36P 

FOSTER (H. A.). Electrical Engineers' Pocket Book . 
1000 pages with the collaboration of Eminent 
Specialists (In press> 

FOSTER (JAMES). Treatise on the Evaporation 
on Saccharine, Chemical and other Liquids by the 
Multiple System in Vacuum and Open Air. Second 
edition. Diagrams and large plates. 8vo, cloth 7 58^ 

FOWIiER. Mechanical Engineers' Pocket Book for 

1900 li» 

FOX (WM.), and C. W. THOMAS, M. E. A 

Practical Course in Mechanical Drawing. 12mo, 
cloth with plates 1 fS^ 

FRANCIS (JAS. B., C. E."). Lowell HydrauUc 
Experiments. Being a selection from experiments 
on Hydraulic Motors, on the Flow of Water over 
Weirs, in open Canals of uniform rectangular 
section, and through submerged Orifices and 
diverging Tubes. Made at Lowell, Mass. Fourth 
edition, revised and enlarged, with many new experi- 
ments, and illustrated with i£3 copper-plate engrav- 
ings. 4to, cloth 15 dP 

FROST (GEO. H.). Engineer's Field Book. By C. 
S. Cross. To which are added seven chapters on Kail> 
road Location and Construction. Fourth edition. 
12mo,cloth. 109 
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FUIXER (OEOBGB W.). Report on the Inyefltiga- 
tions into the Purification of the Ohio River Water 
at Louisville, Kentucky, made to the President and 
Directors of the Louisville Water Company. Pub 
tished under aerreement with the Directors. 4to, 
cloth. 8 full page plates. net 10 00 

OEIPEI« (WM.;, and KILOOUB, nSf. H.) A 
Pocketbook of Electrical Enji^neering Formula. Il- 
lustrated. 18mo, morocco 8 00 

Large paper edition, wide margias. 8vo, morcoo, 
gilt edges 6 00 

eSBBER (NICHOLAS). Chemical and Physical 

Analysis of Milk, Condensed Milk and Infant's Milk- 
Food. 8vo, cloth .....126 

OIBBS (WILLIAM ».)• Lightingby Acetylene, (3en- 
erators. Burners and Electric Furnaces. With 66 
Illustrations. Second edition revised. 12mo, cloth. . 1 60 

OILLMOBE (GEN. Q. A.). Treatise on Limes, Hy- 
raulic Cementtf, and Mortars. Papers on Practical 
Engineering, United States Engineer Department, 
Ifo 9, contamiDg Reports of numerous Experiments 
conducted in New York Cityduring the year^ of 1868 
to 1861, inclusive. With numerous illustrations. 8vo 
cloth 400 

Practical Treatise on the Constmction of Roads. 

Streets, and Pavements, with TO illustrations. 12010, 

cloth aoo 



Report on Strength of Building Stones in the 



United States, etc. 8vo, illustrated cloth 1 00 

FOLDING (HENBY A.). The Theta-Phi Diagram. 
Practically applied to Steam, Qas, Oil and Au* En- 
gines. 12mo, cloth. Illustrated net 1 26 

<M>ODEyE (T. M.). A Tert-Book on the Steam En- 
gine. With a Supplement on GasEngines. Twelfth 
Edition, enlarged. 148 illustrations. 12mo, doth. . . 2 00 

CM>BDON (J. E. H.). School Electricity. Illustra- 
tions. 12mo, cloth 8 00 

CK>BE (G., F. B. S.). The Art of Electrolytic Separa> 
tion of Metals, etc. (Theoretical and Practical.) 
Illustrated. 8vo, cloth 8 60 



Electro Chemistry Inorganic. Third Edition. 



Svo, cloth 80 
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OOUI.D (E. SHEBMAN). The Arithmetic of the 
Steam Engine. 8vo, cloth . 100 

GRIFFITHS (A. D., Ph. D.). A Treatise on Manures, 
or the Philosophy of Manuring. A Practical Hand- 
Book for the Agriculturist, Manufacturer and 
Studedt. 12mo, cloth 8 00 

OBOV£R (FREDERICK). Practical Treatise on 
Modern Gas and Oil Engines. 8vo, cloth. Illustrated 8 00 

OURDEN (RICHARD LLOTD). Traverse Tables: 
computed to 4 places Decimals for every ^ of angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New Edition. Folio, half morocco. ..7 50 

GUY ARTHUR (F.). Electric Light and Power, 
giving the Result of Practical Experience in Central 
Station Work. 8vo, cloth. Ulustrated 2 60 

PAEDEB (HERMAN C. E.). A Hand book on the 
Steam Engine. With especial reference to small 
and medium sized engines. English edittcn re-edited 
by the author from the second German edition, and 
translated with considerable additions and altera- 
tions by H. H. P. Powels. 12mo, cloth. Nearl^ 1100 
illustrations 8 00 

UAJLL. (WM. S. Prof.). Elements of the Differential 
and Integral Calculus. Second edition. 8vo, cloth. 
Illustrated net 2 25 

H ALSE Y (F. A.). Slide Valve Gears; an Explanation of 
the action and Construction of Plain andCut-ofF 
Slide Valves. Illustrated. 12mo, cloth. Sixth 
edition. 19^ 



The Use of the Slide Rule. Illustrated with 



diagrams and folding plates. 16mo, boards 50 

HAMILTON (W. G.). Useful Information for Rail- 
way Men. Tenth Edition, revised and enlarged. 
562 pages, pocket form. Morocco, gilt 2 00 

HANCOCK (HERBERT). Text Book of Mechan- 
ics and Hydrostatics, with over 500 diagrams. 8vo, 
cloth 175 

HARRISON (W. B.). The Mechanics' Tool Book. 
With Practical Rules and Suggestions for use of 
Machinists, Iron- Workers, and others. Illustrated 
with 44 eogravings. 12mo, cloth 1 50 
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HA8KINS (C. £[.)• The Galvanometer and Its Uaes. 
A Manual tor Electricians and Students. Fourth 
edition. 12mo. cloih • IBO 

HAW SIS rWILI^IAM H.). The Premier Cipher 
Telegraphic Code Containing 100,000 Words and 
Phrases. The most complete and most useful general 
code > ec published. 4to, cloth 5 00 

^— — 100,000 Words; Supplement to the Premier Code. 
All the words are select •« from the official vocabu- 
lary. Oblong qua'to, cloth 490 

HAWKINS (C. C.) and WAIXIS (F.). Th« Dynamo; 
its Theory, Design and Manufacture. 190 illustra- 
tions, 12mo, cloth 8 00 

HAT (AI.FREI>). Principles of Alternate-Current 
Working l:2mo, cloth, iliustra'ed ... ... 200 

HEAP (Major D. P., U. S. A.). Electrical Appliances 
of the Present Day. Report « f the Paris Electrical 
Exposition of 1881 350 illustrations. 8vo, cloth 2 00 

HKATISIDE (OLIVER). Elect' omagnetic Theory. 
8vo, c otb, two volumes t aca 6 00 

HENRICI (OI.AU8). Skeleton Structures. Applied 
to the Building of S eel and Iron Bridges. Illustrated 1 50 

HERRMAN N (OUST AT). The Graphical Statics of 
M^chani8m. A Guide for tne Use of Machinists, 
Architec s, and Engineers; and also a Textbook for 
Technical Schools. Translated and annotated by A. 
P. Smith, M. E. 12 no, cloth, 7 folding plates. Third 
Edition 200 

HERMANN (FELIX). Painting on Glass and Poroe- 
lai I and Enamel Painting. On the Basis of Personal 
Practical Expe'-ience ' f the (Jondition of the Art up 
to date Translated by Cbarles Salter. Second 
greatly enlarged editioD. 8vo, cloth, UlustratioDS, 
net 850 

HEWSON (WM.). Prlncples and Prac ire of Em- 
banking L nds f cm Biver Floods, as applied lo the 
Levees of the Mississi, pi. 8vo, cloth 200 

HILL (JOHN W.). Th<) Purification of Public Water 
Supplies. Illustrated with valuable Tables, Dia- 
grams and Cuts. 8vo, clotn, 804 pages 800 

The Interpretation of Water Analyses. . Qn Press) 
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' HOBBS (TV. K. P.). The Arithmetic of Electrical 
Measur. meLts with numerous examples. Fully 
Worked, 12mo, cloth 50 

HOFF (WM. B., Com. U. 8. Navy.). The Avoidance 
of Collisions at Sea. 18mu, morocco 75 

I HOIil^EY (ALEXANDER I..). Railway; Practice. 
American and European Railway practice in the 
Economical Generation of Steam. 77 lithographed 
plates. Folio, cloth 12 00 

I HOIiMES (A. BROMI.EY). The Electric Light Pop- 
ularly Explained. Fifth Edition. Illustrated. ISmo, 
paper JO 

I HOPKINS (NEVII. M.). Model Engines and small 
Boats. New Methods of Engine and Boiler Making 
with a chapter on Elementary Ship Design and 
Construction. 12mo, cloth 1135 

HOSPITA1.IER (E.). Polyphased Alternating Cur- 
rents. Illustrated. 8vo, cloth 140 

HOWARD (C. R.). Earthwork Mensuration on the 
Basis of the Prismoidal Formulae. Containing 
Simple and Labor-saving Methods of obtaining Pris- 
moidal Contents directly from End Areas, lllustra' 
ted by Examples and accompained by Plain Rules 
for Practical Uses. Illustrated. 8vo, cloth 150 

HUMBER (WILLIAM, C. B.). A Handy Book for 
the Calculation of Strains in Girders and Similar 
I Structures, and their Strength ; Consisting of 
Formulae and Corresponding Diagrams, with 
numerous detaUs for practical application, etc. 
Fourth Edition. 12mo, cloth 2 50 

HURST (GEORGE H.). Colour; A Hand-book of the 
Theory of Colour. (JontaiDine ten coloured plates 
and 72 diagrams 8vo, cloth. Illustrated. Price.,.. 2 SO 

Lubricating Oils, Fats and Greases. Their Origin. 

Preparation, Properties, Uses and Analysis. 313 
pages, with 65 illustrations. 8vo, cloth 8 00 

■ Soaps; A Practical Manual of the Manufacture of 
Domestic, Toilet and other Soaps. Illustrated with 
66 Engravings. Svo, cloth 5 00 
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HUTCHINSON (W. B.). Patents and How to Make 
Mo ej out of Them. Member of NewTcrkBar. 
12mo,cloth. NewYork,1899 125 

ttUTTON (W. 8.}. Steam Boiler Ooostniction. A 
Practical Hand-book for Engineers, Boiler Makers 
and Steam Users. Ck>ntainins^ a large collection 
of rules and data relating to recent practice in the 
design, construction, and working of all kinds of 
stationary, locomotive and marine steam boilers. 
With upwards of 500 illustrations. Third edition. 
Carefully revised and much enlarged. 8vo, doth . . . 6 OO 

Practica Engineer's Hand-book, Comprislnsr a 
treatise on Modem Engines and Boilers, Marine, 
Locomotive and Stationary. Fourth edition. Care- 
fully revised with additions. With upwards of 570 
illustrations. 8vo, cloth 7 00 

The Works' Manager's Hand-book of Modern 
Rules, Tables, and Data for Civil and Mechanical 
Engdneers. Millwrights and Boiler Makers, etc. , etc. 
With upwards of 150 illustrations. Fifth edition. 
Carefully revised, with additions. 8vo, cloth 6 00 

INNES (CH ARISES H.). Problems in Machine Design. 
For the Use of Students, Draughtsmen and others. 
12mo, cloth 1 60- 

—— Centrifugal Pumps, Turbines and Water Motors. 
Including the Theory and Practice of Hydraulics 
12mo, cloth 1 60 

ISHEBWOOD (B. F.). Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Engineers. With illustra- 
tions. 2 vols, in 1. 8vo, cloth 2 50 

JAMESON (CHAFI.es D.). Portland Cement. Its 
Manufacture and Use. 8vo. cloth 1 60 

JAMIESON (ANDREW C. E.). A Tex^Book on 
Steam and Steam Engines. Specially arranged for 
the use of Science and Art, City and Guilds of London 
Institute, and other Engineering Students. Tenth 
edition. Illustrated. 12mo. cloth 3 00 

■ Elementary Manual on Steam and the Steam 
Engine. Specially arranged for the use of First- 
Tear Science and Art, City and Guilds of London 
Institute, and other Elementary Engineering 
Students. Third edition. i2mo, cloth 1 40 
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JANNETTAZ (EDWARD). A Guide to the Deter- 
miDation of Rocks : being an Introduction to» 
Litholofry. Translated from the French by 6. W. 
Plympton, Professor of Physical Science at Brook- 
lyn Polytechnic Instit'jte. 12md, cloth 1 80^ 

JOHNSTON, Prof. J. HP. TV., and CAMEBON, Sir 
OHAS. Elements of Aericultural Chemistry and 
Qeology. Seventeenth edition. 12mo, doth 2 flO ' 

JOTNSON (F. H.). The Metals used in Construction. 
Iron, Steel, Bessemer Metal, etc. Illustrated. ISmo, 
cloth TB'^ 



Desigrning and Construction of Machine GFearfng. 



Illustrated. 8vo, cloth 2 00> 

KANSAS OITT BRIDGE (THE.) With an Account 
of the Regimen of the Missouri Rirer and a Descrip- 
tion of the Methods used for Founding in that Riyer.. 
By O. Chanute, Chief Engineer, and Gteorge Monri-- 
son, Assistant Engineer. Illustrated with 5 litho- 
graphic views and 12 plates of plans. 4to, cloth. . . 6 09 

KAPP (6ISBERT C. E.). Electric Transmission 
of Energy and its Transformation, Subdivision, and 
Distribution. A Practical Handbook. Fourtb 
edition, revised. 12mo, cloth 3 50 

Dynamos, Alternators and Transformers., 188 



Illustrations. 12mo, cloth €09 

KEMPE (H. R.). The Electrical Engineer's Pocket- 
Book of Modern Rules, Formulae, Tables and Data. 
Illustrated. 82mo, mor. gilt 1 7& 

KENNEL.L.Y (A. E.). Theoretical Elements of Elec^ 

tro Dynamic Machinery. Svo, cloth ISA 

KILOOUR, M. H., SWAN, H., and BIGGS, C. H. 

W. Electrical Distribution; its Tlieory and Practice. 

174 Dlustrations. 12mo, cloth 4 (KT 

KING (W. H.). Lessons and Practical Notes on 
Steam. The Steam Engine, Propellers, etc., for 
Young Marine Engineers, Students, and others. 
Revised by Chief Engineer J. W. King, United States 
Navy. Nineteenth edition, enlarged. 8vo, cloth . . . 2 (O 

KINGDON (J. A.). Applif^d Magnetism. An Intro- 
duction to the Design of Electromagnetic Apparatus. 
Svo, cloth 3 Of 
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JKIAK AL1>Y (WM. G.). Illustrations of David Kirk- 

^aAdy's System of Mecnanical Testing, as Originated 

andOarried On by him during a Quarter of a Oentury. 

'Oomprising a Large Selection of Tabulated Results, 

• showing the Strength and other Properties of Mate- 
rriids used in Construction, with explanatory Text 
, and Historical Sketch. Numerous engravings and 

* 25 lithographed plates. 4to, cloth 20 00 

KIBKWOOD (JAS. P.). Report on the Filtration of 
River Waters for the supply of Cities, as practised in 
Europe, made to the Poaid of Water Commissioners 
of the City of St. Louis. Illustrated by 30 double- 
plate engravings. 4to, cloth 7 50 

CjIlBRABEE (C. S.)* Cipher and Secret Letter and 

Telegraphic Cod*-, with Hog's Improvements. The 

isoost perfect Secret Code ever invented or dlscov- 

rered. Impossible to read without the key. 18mo, 

^ct&A 60 

XAZEL.L.E (H. M.). One Law in Nature. A New 
Corpuscular Theory comprehending Unity of Force, 
Identity of Matter, and its Multiple Atom Constitu- 
tion, etc. 12mo, cloth 1 60 

C^SASK (A. RITCHIE:). Breakdowns at Sea and 
How to Repair Them. With eighty-nine Illustra- 
tions. 8vo, cloth. Second edition 2 00 

Triple and Quadruple Expansion Engines and 

Boilers and their Management. With fifty-nine 
illustrations. Third edition, revised. l2mo, cloth.. 2 00 

Refrigerating Machinery : Its Principles and 

Management. With sixty-four illustrations. 12mo, 
cloth.... 2 00 

fl:.£CKY (S. T. S.). " Wrinkles " in Practical Naviga- 
tion. With 130 illustrations. 8vo, cloth. Ninth 
edition, revised 8 40 

ff.EVY (C. r..). Electric Lisrht Primer. A Simple and 
Comprehensive Digest of all of th« most important 
facts connected with the running of the dynamo, and 
electric lights, with precautions for safety. For the 
use of persons whose duty it is to look after the 
plant 8vo, paper 50 
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IjITACHJB: (ACH., Ingfnleur Civil Deg Mines). 

The Manufacture of Varnishes, Oil Crushing, Refin- 
ing and Boiling and Kindred Industries. Translated 
from the French and greatly extended, by John 
Geddes Mcintosh. 8vo, cloth. Illustrated net 5 00 

IX)CKE (ALFRED G., and CHARLES 6.) A Prac- 
tical Treatise on the Manufacture of Sulphuric Acid. 
With 77 Constructive Plates drawn to " cale Meas- 
urements, and other Illustrations. Royal 8vo, cloth.lO 00 

IiOCKEBT (liOUIS). Petroleum Motor-Cars. 12mo, 
cloth 1 50 

IjOCKWOOD (THOS. D.). Electricity, Magnetism, 
and Electro-Telegraphy. A Practical Quide for 
Btudents, Operators, and Inspectors. 8vo, cloth. 
Thhrdedition 2 50 

Electrical Measurement and the Galvanometer ; 
its Construction and Uses. Second edition. S',i illus- 
trations. 12(i)0, cloth 150 

LODGE (OLIVER J.). Elementary Mechanics, 
including Hydrostatics and Pneumatics. Revised 
edition. 12mo, cloth 150 

LORING (A. E.)* A Hand-book of the Electro-Mag- 
netic Telegraph. Paper boards 60 

Cloth 75 

Morocco 1 00 

LUCE (Com. S. B.). Text-Book of Seamanship. The 
Equipping and Handnng of Vessels under Sail or 
Steam. For the use of theU. S. Naval Academy. 
Revised and enlarged edition, by Lt. Wm. S. Benson. 
8vo,cloth 1000 

LUNGE (GEO.). A Theoretical and Practical Treatise 
on the Manufacture of Sulphuric Acid and Alkali 
with the Collateral Branches. Vol. I. Sulphuric 
Acid, Second edition, revised and enlarged. 342 

illustrations. 8vo, cloth 15 00 

Vol. II. Second edition, revised and enlarged. 

8vo, cloth — 16 80 

Vol III. 8vo, cloth. New edition, 1896. ... 15 00 

LUNGE. (GEO.), and HURTER, F. The Alkali 
Maker's Pocket-Book. Tables and Analytical Meth- 
ods for Manufacturers of Sulphuric Acid, Nitric 
Acid, Soda, Potash and Ammonia. Second edition. 
12mo, cloth . . 8 00 
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I.VQUEB (URA M0II.TAINE, Ph. D.). HioeralB 
In Rock Fections. The Practical Method of Identi- 
fying: Minerals in Rock Sections with the micro- 
scope. Especially n rranged for ^itudent8 in Technical 
and Scientific Schools. 8vo. cloth. Illustrated., net 1 60 

MACCORD (Prof. C. W.). A Practical Treatise on 
the Slide- Valve by EccentricB,.examining by methods 
the action of the Eccentric upon the Slide- Valve, 
and explaining the practical processes of laying out 
the movements, adapting the Valve for its various 
duties in the Steam Engine. Second edition. Illus- 
trated. 4to, cloth 2 50 

MA6UIBE (Capt. EDWARD. U. S. A.)* The 
Attack and Defence of Coast Fortifications. With 
Maps and Numerous Illustrations. 8vo, cloth 2 50 

MAGUIRE*<vr]II. B.). Domestic Sanitary Drainage 
and Plumbing Lectures on Practical Sanitation. 882 
illustrations. 8vo 4 00 

MARKS (EDWARD C. R.). Mechanical Engineering 
Materials: their Properties and Treatment in Con- 
struction. 12mo, cloth. Illustrated 09 

Notes on the Construction of Cranes and Lifting 

Machinery. 12mo, cloth 1 (X> 

MARKS (G. C). Hydraulic Machineiy Employed in 
the Concentration and Transmission of Power. 
12mo,cloth 126 

MATER (WM.). American Telegraphy: Systems, 
Apparatus, Operation. 450 illustrations. 8vo, cloth. 3 50 

MAYER (Prof. A. M.). Lecture Notes on Physics. 
8vo, cloth 200 

MoCVLLOCH (Prof. R. S.)« Elementary Treatise 
on the Mechanical Theory of Heat, and its applica- 
tion to Air and Steam Engines. 8vo, cloth 8 60 

MoNEILL (BEDFORD). MoNeill's Code. Arranged 
to meet the requirements of Mining, Metallurgical 
and Civil Engineers, Directors of Mining, Smelt- 
ing and other Companies., Bankers, Stock and Share 
Brokers. Solicitors, Accountants, Financiers, and 
General Merchants. Safety and Secrecy. 8vo, cloth. 6 00 
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MBRRIIil. (Col. WM. E., U. S. A.). Iron Tru«:s 
Bridges for Railroads. The method of caicul tiuj? 
strain'* in Trusses, with a careful comparison of the 
mo-t pr mineiit Trusses, in reference t ^ economy in 
combi ation, (tc. Illustrated. 4to, cloth. Fourth 
Editi n 50O 

'JI£TAL. TURNING. By a Foreman Pattern Maker. 
Illustrated « ith 81 f n^avi gs. 12mo, cloth 1 50 

MINLFIE (WM.). Mechanical D awing. A Text- 
bo k f Geometrical Draw ng for the use of Mechanics 
and Schools, in which he Definitions and Rules of 
Qeo'rutry « re fami iarly explained; the Practical 
Problems are arranged from the most simple to the 
more complex, and in i heir description technicalities 
are avoid- d as mu' h as possible. With illustrations 
for Draw ng Pl^ns SecMons. and Elevations of Rail- 
ways and Machinery; an Introduction to Isometric • 1 
Drawiner, a d an Esaav on Linea'* Perspective and 
Shadows Illustrated with over 200 diagrams 
engraved on steel. Ninth thousand. With a-i appen- 
dix on the Theory and Application of Colors. 8vo, 
cloth 4 00 



Geom trical Drawing. Abridged from the Octavo 



edition, for the usi of schools. Illus rated with 48 
steel plates. Ninth edition. 12mo, cloth 2 00 

MODERN METEOROLOGY. A Series of Six 
Lectu es, d-livered under theausr ices of the Meteor- 
ological Society in 1870. Illustrated. 12mo, cloth . 1 50 

MOREING (C. A.), and NEAL (THOMAS). Tee- 
graphic MiniDg Co e Alphatetically arranged. 
Second edition. 6vo, cloth 8 40 

MORRIS (E.). Easy Rules for the Measurement of 
Earthworks by means "f the Prisoioidal Formula. 
8vo, cloth. Illustrated 150 

MOS£<3 (ALFRED J.), and PARSONS, C. L. Ele- 
ments of Minera'ogy, Crystallography and Blowpipe 
Analysis from a practical Rtand point. Second 
thousand. 8vo, cloth. 86ti illustrations net 8 00 

MOSES (ALFRED J.). The Characters of Crystals. 
. An Introduction to Physical Crystallography, co''- 
taining 831 Illustrations and Diagrams. 8vo, 211 
pp net 2 00 
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JUCISIXER (F. O. O.)* Krupp's Steel Works. WUii 
88 illustrations. By Felix Schmidt and Montao. 
Anborixed Translation from the G« man. 4tOL 
cUtth (In Press.) 

MVLLIX (JOSEPH P., M. E.)* Modern Moulding 
a <1 Pattern Making. A Practical Treatise upon 
Pa tern Shop and Foundry Work; em racing^ the 
Moulding of Pulleys, Spur Clears, Worm (Jears, Bal- 
ance-Wheels, Stationary Engine and Locomotive 
Cylind-rs. Globe Valves, Tool Work, Mining Machin- 
ery, Screw Propellt-rs. Pattern-Shop Machinery, and 
the latest improvements in English and American 
Cupolas; together with a large collection of original 
and careful y selected Rules and Tables for every- 
day use in the Drawing Office, Patiern-Shop and 
Foundry. Vimo^ cloth. Illustrated 2 60 

BIUNRO (JOHN C. E.)f and JAMIESON 

A^DREliV C. E. A Pocket-book of Electrical 

Rules and Tables for the use of Electricians and 

«. Engineers. Thirteenth edition, revised and enlarged. 

With numerous oiagrams. Pocket size. Leather. . 2 50 

MURPHY (J. Gm M. E.). Practical Mining. A 
Field Manual for Mining Engineers. With Hints for 
Investors in Mining Properties. 16mo, morocco 
tucks 100 

NAQUET (A.). Legal Chemistry. A Guide to the 
Det ction of Poisons, Falsification of Writings, 
Adulteration of Alimentary and Pharmaceutical 
Substances, Analysis of Ashes, and examination of 
Hair, Coins, Aims, and Stains, as applied to Chemi- 
cal Jurisprudence. Translated from the French, 
by J. P. BattershMll, Ph D., with a preface by C. F. 
Chandler, Ph. D., M. D., LL. D. l;^'mo, cloth 2 00 

NASMITH (JOSEPH). The Student's Cotton Spin- 
ning. Third edition, rt-vised and enlarged. 8vo, 
cloth. 622 pages. 250 Illustrations 3 00 

NEWAIili (JOHN W.). Plain Practical Directions 
for Drawing, Sizing and Cutting Bevel-Gears. show- 
ing how the Teeth may be cut in a Plain Milling 
Machine or Gear Cutter so as to give them a correct 
shape from end to end; and showing how to get out 
- all particulars for the Workshop without making ^ 
any Drawings. Including a Full Set of Tables of 
Reference. Folding plates. 8vo, clo h 1 50 
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NBWCOMB (EDWARD W.)« Stepping Stones to 
Photography. 12mo, cloth. IlluBtrated. N.Y 1899. 

(lu Press.) 

NEWLANDS (JAMES). The Carpenters' and Join 
ers^ Assistant: being a Comprehensive Treatise on 
the Selection, Preparation and Strength o( Mate- 
rials, and the Mechanical Principles of Framing. 
Illustrated. Folio, half morocco 15 00 

NIPHEB (FRANCIS E., A. M.). Theory of Mag- 
netic Measurements, with an appendix on the 
Method of Least Squares 12mo, cloth 1 00 

NO AD (HENRT M.). The Students' Text- Book of 
Electricity. Anew edition, carefully revised. With 
an Introduction and aUditional chapters by W. H. 
Preece. With 4T1 illustrations. 12mo, cloth 4 00 

NUOENT (E.). Treatise on Optics; or, Lif^ht and Sight 
theoretically and practically treated, with the appli- 
cation to Fine Art and Industrial Pursuits. With 
iOH illustrations. 12mo, cloth 1 60 

O'CONNOR (HENRT). The Gas Engineer's Pocket- 
Book. Comprising Tables, Notes and Memoranda; 
relating to the Manufacture, Distribut on and Use 
of Coal Qas and the Construction of Gas Works. 
12mo, full leather, gilt edges 8 50 

OUDIN (M. A.). Standard Polyphase Apparatus and 
Systems. Fully illustrated 3 00 

PAGE (DAVID). The Earth's Crust, A Handy Out- 
line of Geology. 16mo, cloth 75 

PAIiAZ (A., ScD.). A Treatise on Industrial Pho- 
tometry, with special application to Electric Light- 
ing. Authorized translation from the French, by 
George W. Patterson, Jr. Second edition, revised. 
Svo, cloth. Illustrated 4 00 

PARSHAIX (H. F.), and HOBART H. M. 

Armature Windings of Electric Machines. With 140 
full page plates, 65 tables, aqd 165 pages of descrip- 
tive letterpress. 4to, clothi .7 60 

PAR SHALL. (H. P.), and EVAN PARR^. 

Electrical Equipment of Tramways (In Press.) 

PEIRCE (B.). System of Analytic Mechanics. 4to, 
cloth 10 00 

Linear Associative Algebra. New edition, with 

addenda and notes, by C. L. Pierce. 4to, cloth ... 4 00 
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PBBRINE: (F. a. C, a. M., D. So.>. Conductors 
for Electrical Distribution; their Manufacture and 
Materials, tlie Calculation of Circuits, Pole TJne 
Construction, Uuderground Working and other Uses. 

(In Press.) 

P£RRT (JOHN). Applied MechaticB. A Treatise 
for the use of students who have time to work 
experimental, numerical and graphical exercises 
illustrating the subject. 8vo, cloth. 650 pages., net 2 60 

PHILI.IPS (JOSHUA). Engineering Chemistry. A 
Practical Treatise fi r the use of Analytical Chem- 
ists. Engineers, Iron Masters, Iron Founders, 
students and oth'>rs. Comprising methods of Analy- 
sis £uid Valuation of the principal materials used m 
Engineering works, with numerous Analyses, Exam- 
ples and Suggestions. 314 illustrations. Second 
edition, revised and enlarged. 8vo, cloth 4 00 

PICKWORTH (CHAS. N.). The Indicator Hand- 
book. A Practical Manual for Engineers. Part I. 
The Indicator: Its Construction and AppUcation. 81 
illustrations. 12mo» cloth 1 60 



The Slide Rule. A Practical Manual of Instruc- 



tion for all Users of the Modem Type of Slide Rule, 
exhibiting the Application of the instrument to the 
Everyday Work oiT the Engineer,— Civil, Mechanical 
and Elecuical. 12mo, flexible cloth. Fifth edition. 80 

PIiAN£ TABLE (THE). Its Uses In Topographical 
Surveying. From the Papers of the United states 
Coast. Survey. Illustrated. 8vo, cloth 2 00 

PI.ANTE (GASTON). The Storage of Electrical 
Energy, and Researches in the Effects created by 
Currents, combining Quantity with High Tension. 
Translated from the French by Paul B. Elwell. 89 
illustrations. 8vo 4 00 

PLATTNER. Manual of Qualitative and Quantitatiye 
Analysis with the Blow-Pipe. From the fast German 
edition, revised and enlarged, by Prof. Th. Richter. 
of the Royal Saxon Mining Academy. Translated 
by Prof. H. B. Cornwall, assisted by John H. Cas- 
well, liluhtrated with 87 woodcuts and one lithe- 
fraphic plate. Seventh edition, revised. 6(H) pages, 
vo, cloih 6 00 



^ 



SCIENTIFIC PUBLICATIONS. 27 

PI.YMPTON (Prof, GKO. TV.). The Blow Pipe. A 
Guide to Its use In the Determination of Salts and 
Minerals. Compiled from various sources. 12mo, 
cloth 160 

The Aneroid Barometer: its Construction and 

Use. Compiled from several sources. Fourth 

edition. 16mo, boards. Illustrated 50 

Morocco too 

POCKET I.06ABITHMS, to Four Places of Deci- 
mals, inf*luding Logarithms of Numbers, and Loga- 
rithmic Sines and Tangents to Single Minutes. To 
which is added a Table of Natural Sines, Tangents, 
and Co-Tangents. 16mo, boards. 60 

POPE (F. Ii.>. Modern Practice of the Electric Tele- 
graph. A Technical Hand-book for Electricians, 
Managers and Operators. Fifteenth edition, rewrit- 
ten and enlarged, and fully illustrated. 8vo, cloth. 1 50 

POPPIiEWELiIi (W. C). Elementary Treatise on 
Heat and Heat Engines. Special y adapted for 
engineers and students of engineering, l^imo, cloth. 
Illustrated 3 00 

PO WliES (H. H.). Steam Boilers (In Press.) 

PBAY (Jr., THOMAS). Twenty Tears with the 
Indicator; being a Practical Text-Book for the 
Engineer or the Student, with no complex Formulae. 
Illustrated. 8vo, cloth 2 60 

— ^— Steam Tables and Engine Constant. Compiled 
from Regnault, Rankineand Dixon directly , making 
use of the exact records. 8vo, cloth 2 00 

PRACTICAL IRON FOUNDING. By the Author 
of ''Pattern Making,'' &c., &c. Illustrated with 
over one hundred engravings. 12mo, cloth 150 

PBEECE (W. H.). Electric Lamps <In Press.) 

PBEECE (W. H.), and STUBBS, A. T. Manual 
of Telephony. Illustrations and plates. l2mo, cloth. 4 50 

PBEMIEB CODE. (See Hawk, Wm. H.) 

PBESCOTT (Prof. A. B.). Organic Analysis. A 

Manual of the Descriptive and x\nalytical Chemistry 

. of certain Carbon Compounds in Common Use: a 

Guide in the Qualitative and Quantitative Ana^vsis 

of Organic Materials in Commercial and Pharina- 
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ceutical Assays, in the estimation of Impurities 
under Authorized Standards, and in Forensic Exam- 
inations for Poisons, with Directions f or Elemeniary 
Organic Analyais. Fourth edition. 8vo, cloth 5 00 

PRESCOTT (Prof. A. B.). Outlines of Proximate 
Organic Analysis, for the Identification, Separation, 
and Quantitative Determination of the more com- 
monly occurring Organic Compounds. Fourth edi- 
tion. l2mo, cloth 1 76 

First Book in Qualitatiye Chemistry* Eighth 
edition. 12mo, doth 1 60 



and Otis Coe Johnson. Qualitative Chemcal 



Analysis. A Guide in the Practical Study of Chem- 
istry and in the work of Analysis. Fourth fully 
revised edition. With Descriptive Chemistry 
extended throughout 8 50 

PBITCHARD (O. G.). The Manufacture of Electric 
Light Carbons. Illustrated. 8vo, paper 60 

PULLEN (W. W. F.). Application of Graphic Meth- 
ods to the Design of Structures. Specially prepared 
for the use of Engineers. 12mo, cloth. Illustrated. 

net 2 60 

PUIiSIFEB (W. H.). Notes for a History of Lead. 
Bvo, cloth, gilt tops 4 00 

PYNCHON (Prof. T. B.). Introduction to Chemical 
Physics, designed for the use of Academies, Col- 
leges, and High Schools. Illustrated with numerous 
engravings, and containing cojpious experiments 
with directions for preparing them. New edition, 
revised and enlarged, and illustrated by 269 illustra- 
tions on wood. 8vo, cloth .8 00 

BADFOBD (Lieut. CYRUS S.). Handbook on 
Naval Gunnery. Prepared by Authority of the Na^ 
Department. For the use of U. S. Navy, U. 8. 
Murine Corps and U. S. Naval Reser<^es. Revised 
and enlarged, with the assistance of Stokely Morgan, 
Lieut. U S. N. Third edition. 12mo, flexible leather. 2 00 

RAFTER (GEO. W.). and M. N. BAKFR. Sew- 

age Disposal in the United States. Illustrations and '^ 
*'' folding plates. Second edition. Bvo, cloth 6 00 

BAM (GILBEBT S.). The Incandescent Lamp and 
its Manufacture. Bvo, cloth 8 00 
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RANDAIX (J. £.)• A Practical Treatise on the 
Incaodescent Lamp. Ulustraled. 16mo, cloth 50 

BANDALI^ (P. HI.). Qiiartz Operator's Hand-book. 
New edition, revised and enlareed, fully illustrated. 
12ino. cloth 2 00 

BANKING (W. J. MACQUORN.) Applied Mechan- 
ics. Comprising the Principles of Statics and Cine- 
matics, and Theory of Structures. Mechanism, and 
Machines. With numerous diagrams. Fifteenth 
edition. Thoroughly revised by W. J. Millar. 8vo, 
cloth 6 00 



Civil Engineering. Comprising Engineering Sur 



veys. Earthwork, Foundations, Masonry, Carpentry, 
Metal Work, Roads, Railways, Canals, Rivers, 
Water Works, Harbors, etc. With numerous tables 
and illustrations. Twentieth edition. Thoroughly 
revised by W. J. Millar. 8vo, cloth 6 50 



Machinery and Mill work. Comprising the Geom- 



etry, Motions, Work, Strength, Construction, and 
Objects of Machines, etc. Illustrated with nearly 
300 wood cuts. Seventh edition. Thoroughly revised 
by W. J. Millar. 8vo, cloth 6 00 



The Steam Engine and other Prime Movers. 



With diagram of the Mechanical Properties of 
Steam-folding plates, numerous tables and illustra- 
tions. Thirteenth edition. Thoroughly revised by 
W. J. Millar. 8vo, cloth 6 00 



Useful Rules and Tables for Engineers and 



Others. With appendix, tables, tests, and formulae 
for the use of Electrical Engint-ers. Comprising 
Submarine Electrical Engineering, Electric Lighting, 
and Transmission of Power. By Andrew Jumie^on, 
C. E., F. R S. E. Seventh edition Thoroughly 
revised by W. J. Millar. Crown 8vo, cloth 4 00 

— A. Mechanical Text-Book. By Prof. Macquom 
Rankine and E F. Bamber, C. E. With numerous 
illustrations. Fourth edition. 8vo, cloth 3 50 



VFL (F. C.)- Localisation of Faults in Electric 
Light Mains. 8vo, cloth 2 00 

BECKENZAUN (A.). Electric Traction on Railways 
and Tramways. 218 illustrations. l:teio. cloth. ...4 00 
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BBBD'S ENOINEEBS* HAND-BOOK to the 

Local Marine Board Examinationfl for Oertiflcates 
of Competency as First and Second CiassEngfineers. 
By W. H. Thorn. With the aDSwers to the elemen- 
tary Questions, niustrated by 297 dia^rrams and 86 
large plates. Sixteenth edition, revised and 
enlarged. Sto, doth 

Key to the Sixteenth Edition of Reed's 



Engineer's Hand-book to the Board of Trade Exami- 
nauons for First and Second Class Engineers and 
containing the working of all the questions given in 
the exammation papers By W. H Thorn. Qvo, 
cloth 800 

Useful Hints to Sea-going Engineers, and How to 
Repair and Avoid '* Break Downs; " also Ai>pendices 
Containing Boiler Explosions, Useful Formul», 
etc. With S6 diagrams and 4 plates. Second edition, 
revised and enlarged. ISmo, cloth 140 



Marine BoOers: A Treatise on the Causes and 



Prevention of their Priming, with Remarks on their 
General Management. Illustrated. ISmo, doth. . . 8 00 

BSINHABDT (CHAS. W.). Lettering for Drafts- 
men, Engineers and Students. A Practical System 
of Free-iiand Lettering for Working Drawings. 
Fourth thousand. Oblong, boards 1 00 

BICB (J. M.)m And JOHNSON. W. W. On a 

New Method of obtaining the Differential of Func- 
tions, with especial refereoce to the Newtonian 
Conception of Rates or Velodties. 12mo, paper — fiO 

BINGWAi;.^ (J. L..). Development of Transporta- 
tion Systems in the United States, Comprising a 
Comprehensive Description of the leading features 
of advancement from the colonial era to the present 
time. With illustrations. Quarto, half morocco.. 7 SO 

BIPP£B (WILLIAM). A Course of Instruction in 
Machine Drawing and DesiRn for Technical Schools 
and En{?ineer Students. With 58 plates and numer- 
ous explanatory engravings. Folio, cloth 6 00 

BOEBLINO (J. A.). Long and Short Span Railway 
Bridges. Illustrated with large copperplate ^ 
engravings of plans and views. Imi>erial folio, 
doth • S600 
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BOGERS (Prof. H. D.). The Geology of Pennsyl- 
vaaia. A Gtovernment Survey, with a General View 
of the Geology of the United States, essays on the 
Coal Formation and Its Fossils, and a description of 
the Coal Fields of North America and Great 
Britain. Illustrated with plates and engravings in 
the text. 8 vols., 4to, cloth, with portfolio of maps . 16 00 

BOSS (JOSHUA, M. £.)• The Pattern Makers* 
Assistant. Embracing Lathe Work, Branch Work, 
Core Work, Sweep Work, and Practical Gear Con- 
structions, the Preparation Hnd Use of Tools, 
together with a 'orge collection of useful and valU' 
able Tables. Eignteenth edition. Illustrated with 
250 engravings. 8vo, cloth 8 SO 

— ^— Key to Engines and Engine-running. A Practical 
Treatise upon the Management of Steam En^dnes 
and Boilers for the Use of Those who Desire to Pass 
an Examination to Take Charge of an Engine or 
Boiler. With numerous Illustrations, and Instruc- 
tions Upon Engineers^ Calculations, Indicators, 
Diagrams, Engine Adjustments, and ouyer Valuable 
Information necessary for Eogineers and Firemen. 
ISmo, cloth..... 8 89 

SABINIB (ROBERT). History and Progress of the 
Electric Telegraph. With descriptions of seme of 
the apparatus. Second edition, with additlbns. 
12mo,cioth 126 

SABIiTZER (AliEX.). Treatise on Acoustics in con- 
nection with Ventilation. l2mo, cloth 1 00 

8AXOMONS (Sir DAVID, M. A.). Electric Light 
Installations. A Practical Hand-book. Eighth 
edition, revised and enlarged, with numerous illus- 
trations. Vol. I. The management of Accumula 

tors. i2mo, cloth . . 1 50 

Vol. II., Apparatus, 296 Illustrations. 12mo, cloth 2 26 
Vol. III., Applications. 12mo, cloth 1 50 

SANFORD (P. GERALD). Nitro-Explosives. A 
Practical Treatise concerning the Properties, Manu- 
facture and Analysis of Nitrated Substances, includ- 
ing the Fulminates, Smokeless Powders and Cellu- 
loid. 8vo, clotb, 270 pages 8 00 

SAUNNIER (CLAUDIUS). Watchmaker*s Hand- 
book. A Workshop Companion for those engaged 
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in Watchmaking and allied Mechanical Arts. Trans- 
lated by J. Tripplin and E Rigg. Second edition, 
revised with appendix. 12mo, ofoth 8 50 

SCHELLEN (Dr. H.). Magneto-Electric and Dynamo- 
Electric Machines: their Construction and Practical 
Application to Electric Lighting, and the Transmis- 
sion of Power. Translated from the third German 
edition, by N. S. Keith and Percy Neymann, Ph. D 
With very large additions and notes relating to 
American Machines, by N. S. Keith. Vol. I., with 353 
illustrations. Second edition . 6 00 

SCHUMANN (F.). A Manual of Heating and Venti- 
laiion in its Practical Application, for the use of 
Engineers and Architects. Embracing a series of 
Tables and Formulae for dimensions of heating, flow 
and return pipes for steam and hot water lK>ilers, 
flues, etc. 12mo, illustrated, full roan 1 60 

SCBIBN£B (J. M.)* Encrineers' and Mechanics' 
CompaDion. Comprising United States Weights and 
Measures. Mensuration of Superflces and Solids, 
Tables of Squares and Cubes, Square and Cube Boots, 
Circumference and Areas of Circles, the Mechanical 
Powers. Centres of Gravit^r, Gravitation of Bodies, 
Pendulums, Specific Gravity of Bodies, Strength, 
Weight, and Crush of Materials, Water-Wheels, 
Hydostatics, Hydraulics, Statics, Centres of Per- 
cussion and Gyration, Friction Heat, Tables of the 
Weight of MetalH, Scantling, etc.. Steam and the 
Steam Engine. Twentieth edition revised. 16mo, 
fuUmorocco 1 60 

SBATOX (A. £.). A Manual of Marine Engineering. 
Comprising the Designing, Construction and Work- 
ing of Marine Machinery. With numerous tables 
and illustrations reduced from Working Drawings. 
Fourteenth edition. Revised throughout, with an 
additional chapter on Water Tube Boilers. 8vo., 
cloth 6 00 

and ROUNTHWAITE ( H. M.). A Pocket- 
book of Marine Engineering Rules and Tables. For 
the use of Marine Engineers and Naval Architects. 
Designers, Draughtsmen, Superintendents, and all 
engaged in the design and construction of Marine 
Machinery, Naval and Mercantile. Fifth edition, 
revised and enlarged. Pocket size. Leather, with 
diagrams Reprinting. 
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SEXTON (A. HUMBOIiDT). Fuel and Befractory 
Materials. 8vo.,cloth 2 00 

SHIBIiDS (J. £.)• Notes on Engineering Construc- 
tion Embracing Discussions of the Principles 
involved, and Descriptions of the Material emplo^red 
in Tunnelling, Bridging, Canal and Boad Building, 
etc. 12mo, cloth 1 50 

SHOCK (WM. H.). Steam Boilers: Their Lesign, 
Construction and Management. 4to, half morocco. 15 00 

SHRETE (S. H.). A Treatise on the Strength of 
Bridges and Roofs. Comprising the determination 
of Algebraic formulas for strains in Horizontal, 
Inclined or Rafter, Triangular, Bowstring, Lenticu- 
lar, and other Trusses, from fixed and moving loads, 
with practical applications and examples, for the 
use of Students and Engineers. 87 woodcut illus. 
Fourth edition. 8vo, cloth 8 60 

SHUNK (W. F.). The Field Engineer. A Handy 
Book of practice in the Survey, Location, and Truck- 
work of Railroads, containing a large collection of 
Rules and Tables, original and selected, applicable 
to both the Standarof and Narrow Gauge, and pre- 
pared with special reference to the wants of the 
young Engineer. Eleventh edition, revised and 
enlarged. 12mo, morocco, tucks 2 50 

SIM MS (F. W.). A TreatiPe on the Principles and 
Practice of Levelling. Showing ite application to 
purposes of Railway Engineering, and the Con- 
struction of Roads, etc. Revised and corrected, 
with the addition of Mr. Laws^ Practi -al Examples 
for setting out Railway Curves. Illustrated. 8vo, 
cloth 2 60 

SIMMS (W. F.). Practical TunneUing. Fourth edition, 
reviped and greatly extended. With additional 
chapters illustrating recent practice by D. Kinnear 
Clark. With 36 plates and other illustrations. Im- 
perial 8vo, cloth 12 OC 

SLATER (J. W.). Sewage Treatment. Purification, 
and Utilization. A Practical Manual for the Use of 
Corporations, Local Boards, Medical Officers of 
Health, Inspectors of Nuisances, Chemists, Manu- 
facturers, Riparian Owners, Engineers, and Rate- 
Itayers. 12mo,cloth 8 26 
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SMITH (ISAAC W., C. E.)* The Theory of Deflec- 
tions and of Latitudes and Departures. With special 
applications to CurTilinear Surveys, for Alignments 
of Railway Tracks. Illustrated. 16mo, morocco, 
tucks 800 

SNEU< (ALBION T.)* Electric Motive Power: The 
Transmission and Distribution of Electric Power by 
Continuous and Alternate Currents With a Section 
on the Applications of Electricity to Mining Work. 
Second edition. 8vo, cloth, illustrated 4 00 

SPETERS (CLARENCE L.). Text-Book of Physi- 
cal Chemistry. 8vo, cloth . 2 26 

STAHL (A. W.), and A. T. WOODS. Elementary 
Mechanism. A Text-Book for Studen ts of Mechanical 
Engineering. Fourth edition, enlarged. 12mo, 
cloth 2 00 

STALET (CADT), and PIERSON, GEO. S. The 

Separate System of Sewerage: its Theory and Con- 
struction. Third edition, revised. 8vo, cloth. With 
maps, plates aod illustrations 8 00 

STEVENSON (DAVID, F.R.S.N.V. The Principles 
and Practice of Canal and River Engineering. Re- 
vised by his sons David Alan Stevenson, B. 8c., F. R. 
S.E., and Charles Alexander Stevenson, B. Sc., F.R. 
S.E., Civil Engineer. Third edition, with 17 plates, 
8vo, doth 10 00 

The Design and Consthiction of Harbors, A 

Treatise on Maritime Engineering. Third edition 
with 24 plates, 8vo, cloth 00 

STEWART (R. W.). A Text Book of- Light, Adapted 
to the Requirements of the Intermediate Science 
and Frelimmary Scientific Examinations of the Uni- 
versity of London, and also for General Use, 
Numerous Diagrams and Examples. 12mo, doth.. 100 

STEWART (R. W.). A Text Book of Heat, Dlus- 
trated, Svo, doth 1 00 

A Text Book of Magnetism and Electricity, 160 

lUus. and Numerous Examples. 12mo, cloth 1 00 

STILES (AMOS). Tables for Field Engineers. De- 
signed for use in the field. Tables containing all 
the functions of a one degree curve, from which a 
corresponding one can be found for any required 
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degree. Also, Tables of Natural Sines and Tangents. 
12mo, morooco, tucks 2 00 

STIIiliMAN (PAUIi). Steam Engine Indicator and 
the Improved Manometer Steam and Vacuimi 
Gauges; their Utility and Application. New edition. 
12mo, flexible cloth 100 

STONE (General BOY). New Roads and Road Laws 
in the United States. SOD pages, with numerous 
illustrations. 12mo. cloUi 1 00 

STUART (C. B., U. A. N.). Lives and Works of Civil 
and Military Engineers of America. With 10 steel- 
plate engravings. 8vo, cloth 5 00 

The Naval Dry Docks of the United States. Illus- 
trated with 24 fine Engravings on Steel. Fourth 
edition. 4to, cloth 6 00 

SWINTON (AI.AN A. CAMPBBIX). The Elemen- 
tary Principle of Electric Lighting. Illustrated. 
12mo, cloth 00 

TEMPL.ETON (WM.). The Practical Mechanic's 
Work-shop Companion. Comprising a great variety 
of the most useful rules and formulsB in Mechanical 
Science, with numerous tables of practical data and 
calculated results facilitating mechanical opera- 
tions. Revised and enlarged by W. S. Hutton. 
12mo, morocco 2 00 

THOM (CHAS.)» and WIIXIS H. JONES. Tele- 
graphic Connections: embracing Recent Methods in 
Quadruplez Telegraphy. Oblong, 8vo, cloth. 20 full 
page plates, some colored 1 50 

THOMPSON (EDWARD P., M. E.). How to 
Make Inventions; or Inventing as a Science and an 
Art. A Practical Guide for Inventors. Second 
edition. 6vo, boards 1 00 

Roentgen Rays and Phenomena of the Anode and 

Cathode Prim iples. Applications and Theories. 
For Students, Teachers, Physicians, Photographers, 
Electricians and others. Assisted by Louis M. 
Pignolet, N. D. C. Hodges, and Ludwig Gutmann, E. 
E. With a Chapter on GeneralizationSf Arguments, 
Theories, Kindred Radiations and Phenomena. By 
Professor Wm. Anthony. 8vo, cloth. 50 Diagrams, 
40 Half tones 150 
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TODD (JOHN), and W. B. WHAIX. Practical 
Seamanship for Use in the Merchant Service : Includ- 
ing all ordinary subjects: also Steam Seamanship, 
Wreck Lifting, Avoidinff Collision, Wire Splicing, Dls- 

Elacement, and everything necessary to be known 
y seamen of the present day. Second edition, with 
247 illustrations and diagrams. 8vo, cloth 8 40 

TOOTHED GEARING. A Practical Hand-book for 
Offices and Workshops. By a Foreman Pattern- 
maker. 184Illustrationt. 12mo. cloth 2 86 

TRATMAN (E. E. RUSSEI.I.). Bailwa7 Track and 
Track Work. With over two hundred illustrations. 
8vo, cloth 3 00 

TRETERT (EDWARD). How to Build Dynamo - 
Electric Machinery, embracing Theory Designing 
and Construction of Dynamos and Motors. With 
appendices on Field Magnet and Armature Winding, 
Management of Dynamos and Motors, and Useful 
Tables of Wire Q .uges. Illustrated. 8vo, cloth 2 50 

Electricity and its Recent Applications. A Prac- 
tical Treatise for Students and Amateurs, with an 
Illustrated Dictionary of Electrical Terms and 
Phrases. Illustrated. 12mo, cloth 2 00 

TUCKER (Dr. J. H.). A Manual of Sugar Analysis, 
including the Applications in Qeneral of Analytical 
Methods to the Sugar Industry. With an Introduc- 
tion on the Cihemistry of (jane Sugar. Dextrose, 
Levulose, and Milk Sugar. 8vo, cloth. Illustrated. 8 06 

TUMLIRZ (Dr. O.). Potential and its Application to 
the Explanation of Electric Phenomena, Popularly 
Treatea. Translated from the German by D. Robert- 
son. Illustrated. 12mo,' cloth 1 25 

TUNNER (P. A.). Treatise on RoU-Turnhig for the 
Manufacture of Iron. Translated and adapted by 
John B. Pearse, of the Pennsylvania Steel Works, 
with numerous engravings, wood-cuts. 8vo, cloth, 
with folio atlas of plates 10 00 

URQUHART (J. W.). Electric light Fitting. Em- 
Dodying Practical Notes on Installation U anagement. 
A Hand-book for Working Electrical Engmeers— 
with numerous illustrations. 12mo, cloth 2 00 

Electro-Plating. A Practical Hand-book on the 

Deposition of Copper, Silver, Nickel, Gold, Brass, 
Aluminum, Platinum, etc. Fourth edition. 12mo. . 2 00 
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UBQUHABT, (J. W.). Dynamo Construo-tion : a 
n'actical Hand book for the Use of Eagineer Con- 
structors and Electricians in Charge, embra<-ing 
Frame Work Building, Fi^ld Magnet and Armature 
Winding and Grouping, Compounding, etc., with 
Examples of Leading English, American and Con> 
tinental Dynamos and Motors, with numerous illus- 
ratlons. 12mo. cloth 8 00 

Electric Ship Liehting. A Hand-book on the 
Practical Fitting and Running of Ship's Electrical 
Plant. For the Use of Ship Owners and Builders, 
Marine Electricians and Sea Going Engineers-in- 
Charge. Numerous illustrations. l2mo, cloth 8 00 

UNIYBBSAIi TELEGRAPH CIPHER CODE. 

Arranged for General Correspondence. 12mo, cloth. 1 00 

TAN NOSTRAND'S ENGINEERING MAGA- 
ZINE. Complete sets, 1869 to 1886 inclusive. 

Completesets, 36 vols., in cloth .. ..' 60 00 

Complete sets, 85 vols., in half morocco 100 00 

VAN WAGENEN (T. F.). Manual of HydrauUc 
Mining. For the Use of the Praeiical Miner. 
Revised and enlarged edition. 18mo, cloth 1 00 

WAI.KER (SIDNEY F.). Electric Lighting for 
Marine Engineers, or How to Light a Ship by the 
Electric Li^ht and How to Keep the Apparatus in 
Order. 103 illustrations. 8vo, cloth. Second edition. 2 00 

WAXI.IS-TAYLER (A. J.). Modern Cycles. A 
Practical Hand-book on their Construction and 
Repair. With 800 illustrations. 8vo, cloth 4 00 

Motor Cars, or Power Carriages for Common 
Roads. 8vo, cloth, with numerous illustrations. . 1 80 

— Bearings and Lubrication. A Hand book for 
every user of Machinery. 8vo, cloth, fully illus- 
trated 1 fiO 

Refrigrerating and Ice-Making Machinery. A 
Descriptive Treatise for the use of persons employ- 
ing refrigerating and ice-making installations and 
others. 8vo, cloth. Illustrated 3 OO 

— Sugar Machinery. A Descriptive Treatise, Devoted 
to the Machinery and Apparatus used in the Manu- 
facture of Cane and Beet Sugars. 12mo, cloth. 
DIustrated 2 00 



38 D. VAN NOSTRAND COMPANY'S 



WANKIiYN (J. A.). A Practical Treatise on the 
Examination of Milk and its Derivatives, Cream, 
Butter, and Cheese. 12mo, cloth 1 00 

Water Analysis. A Practical Treatise on the 

Examination of Potable Water. Tenth Edition. 
,12mo, cloth ... 2 00 

WANSBROUGH (WM. D.). The A. B. C. of the 

Differential Calculus. 12mo, cloth 1 50 

WARD (J. H.). Steam for the Million. A Popular 
Treaise on Steam, and its application to the useful 
Arts, especially to Navigation. 8vo, cloth 1 00 

WARING (GEO. E., Jr.). Sewerage and Land 
Drainage. Illustrated with wood-cuts in the text, 
and full-page and folding platea Quarto. Cloth. 
Third edition 6 00 

Modern Methods of Sewage Disposal for Towna 

Public Institutions and Isolated ffouses. Second, 
edition, revised and enlarged. 260 pages. Illus- 
trated. Cloth 2 00 

How to Drain a House. Practical Information 



for Householders. New and enlarged edition. 12mo, 
cloth 1 26 

WATSON (R. P.). Small Engines and Boilers. A 
Manual of Concise and Specific Directions for the 
Construction of Small Steam Engines and Boilers of 
Modern Types from five Horse-power down to model 
sizes. 13mo. cloth. Illustrated with Numerous Dia- 
grams and Half Tone Cuts. New York, 1899 1 25 

WATT (ALEXANDER). Electro-Deposition, A 
Practical Treatise on the Electrolysis of Gold, 
Silver, Copper, Nickel, and other Metals, with 
Descriptions of Voltaic Batteries, Magneto and 
Dynamo-Electric Machines, Thermopiles, and of the 
Materials and Processes used in every Department 
of the Art, and several chapters on Electro Metal- 
lurgy With numerous illustrations. Third edition, 
revised and corrected. Crown, 8vo, 568 pages . 8 50 

Electro-Metallurgy Practically Treated. Tenth 

edition, considerably enlarged. 12mo, cloth 1 00 

— The Art of Soap-Making. A Practical Hand-book 

of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a 
Chapter on the Recovery of Glycerine from Waste 
Le^ s. With illustrations. Fourth edition, revised 
andenikrged. 8vo 3 00 
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WATT ( AI.EXANDEB). The Art of Leather Manu- 
facture. Being a Practical Hand-bi.ok, in which 
the Operations of Tannine, Currying, and Leather 
Dressing are Fully Described, and the Principles of 
Tanning Explained, and many Recent Processes 
Introduced. With numerous illustrations. Second 
edition. 8vo, cloth 4 00 

TVEALE (JOHN). A Dictionary of Terms Used in 
Architecture, Building, Engineering, Mining, Metal- 
lurgy. Archaeology, the Fine Arts etc.. withezplana- 
tonr observations connected with applied Science 
and Art. Fifth edition, revised and corrected. 12mo, 
cloth 250 

Weale's Rudimentary Scientiflc Series (Catalogue 

sent on application). 

WEBB (HEBBEBT I.AWS). A Practical Guide to 
the Testing of Insulated Wires and Cables. Illus- 
trated. 12mo, cloth 1 00 

The Telephone Hand-book. 128 illustrations. 

146pages. 16mo, cloth 100 

WEEKES (B. W.). The Design of Alternate Current 
Transformers. Illustrated. l^Ono. cloth 1 00 

WEISBACH (JULIUS). A Manual of Theoretical 
Mechanics. Ninth American edition. Translated 
from the fourth augmented and improved German 
edition, with an Introduction to tne Calculus by 
Eckley B. Coze, A. M.. Mining Engineer. 1.100 pages, 

and 902 wood-cut illustrations. 8vo, cloth 6 00 

Sheep 7 60 

WESTON (EDMUND B.). Tables Showing Loss of 
Head Due to Friction of Water in Pipes. Second 
edition. 12mo, cloth 1 50 

WEYMOUTH (F. MABTEN). Drum Armatures 
and Commutators. ( Theory and Practice.) A com- 
plete Treatise on the Theory and Construction of 
Drum Winding, and of commutators for closed-coil 
armatures, together with a full resume of some of 
the principal points involved in their design, and an 
exposition of armature re-actions and sparking. 
8vo, cloth 8 00 

WEYBAUCH (J. J.). Strength end calculations of 
Dimensions of Iron and Steel Construction, with 
reference to the Latest Experiments. 12mo, cloth, 
plates 100 
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WHEKL1SB (Prof. J. B.). Art of War. A Course 
of Instruction in the Elements of the Art and 
Science of War, for the Use of the Cadets of the 
United States Military Academy, West Point, N. T. 
12mo, cloth 175 

Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Caoets of the United 
States Military Academy, West Point, N. Y. 12mo. 1 75 

WBIPPL.B (S., C. £•). An Elementary and Practical 
Treatise on Bridge Building. 8vo, cloth 3 00 

WILKINSON (H. D.). Submarine Cable-Layhig, 
Repairing and Testmg. Svo, cloth 4 00 

WIIXIAMSON (K. S.)* On the U^e of the Barome- 
ter on Surveys and Bieconnois^ances. Part I Mete- 
orology in its Couneciion with Hypsometry. Part IL 
Barometric Hypsometry. With illustrative tables 
and engravings, 4to, cioth 15 00 

WILLiIAMdON (£. ».)• Practical Tables in Meteo- 
rology and Hpsometry, in connection with the use 
of tne Barometer. 4to, cloth 8 50 

WILSON ^GEO.). Inorganic Chemistiy, with New 
Notation. Revised and enlarged by H. G. Madan. 
New edition. l2uio, cloth 2 00 

WOODBUKY (D. V.). Treatise on the Various Ele- 
ments of Stability in the Well-Proportioned Arch. 
8vo, half morocco 4 00 

WRIGHT (T. W.). A Treatise on the Ad justment of 
Observations. With applications to Geodetic Work, 
and other Measures of Precision. 8vo, clotti 4 00 

Elements of Mechanics; including Kinematics, 

Kinetics and Statics. v\ 1th application. 8vo, cloth. . 2 50 

WYL.IB (CLAUDK). Iron and Steel Founding. Illus- 
trated with 39 diigrarns. Second edition, revised 
and enlarged. 8vo, cloth... .3 00 

WYNKOOP (RICHARD). Vessels and Voyages, as 
Regulated by Federal Statutes and Treasury 
Instructions and Decisions. 8vo, cloth 2 00 

YOUNG (J. KLTON). Electrical Testing for Tele- 
graph Engineers, with Appendices consisting of 
Tables. 8vo, cioth. Illustrated 4 CO 

TOUNG SBAMAN'S MANUAI^. Compiled from 
Various Authorities, and Illustrated with Numerous 
Original and Select Designs, for the Use of the 
United States Training Ships and the Marine 
Schools. 8vo, half roan 8 00 
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